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QUICK REFERENCE GUIDE 



■ NMOS 8 BIT MICROPROCESSOR 



Type No. 


HD6802 


HD6802W 


HD6803 
HD6803-1 


HD68A09 
HD68B09 


riUDoUiic 

HD68A09E 

HD68B09E 


Clock Frequency (MHz) 


1.0 


1.0 


1.0 (HD6803) 
1.25(HD6803-1) 


1.0 (HD6809) 
1.5 (HD68A09) 
20 (HD68B09) 


1.0 (HD6809E) 
15 (HD68A09E) 
2jO(HD68D09E) 


Supply Voltage (V) 


5.0 


5.0 


5.0 


5.0 


5.0 


Operating Temperature* 

Co 


-20-'+75 


-20~+75 


0~+70 


-20~+75 


-20-+75 


RAM (byte) 


128 


256 


128 






Oscillator 


Yes 


Yes 


Yes 


Yes 




Package 


DP-40 


DP-40 


DP-40 


DP-40 


DP-40 


Features 


• Internal oscillator and RAM 
added to the HD6800 

•32 byte RAM Battery backed 
up possible 


• Upward instruc- 
tion compatibil- 
ity with the 
HD6800 

•On-chip SCI 
and timer 


•The highest 
version of the 
HMCS6800 
family 

•Powerful ad- 
dressing modes 

• Easy relocat- 
able/reentrant 
programming 


• Full software 
compatibility 
with the 
HD6809 

• Bus employ- 
ment on time 
sharing basis 

• External clock 


Compatibility 


MC6802 




MC6803 
MC6803-1 


MC6809 

MC68A09 

MC68B09 


MC6809E 

MC68A09E 

MC68B09E 



* Wide Temperature Range (— 40~-t-85''C) version is available. 
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■ CMOS 8-BIT MICROPROCESSOR 



Type No. 


HD6303R 

HD63A03R 

HD63B03R 


HD6303X 

HD63A03X 

HD63B03X 


HD6303Y 
HD63A03Y 
HD63B03Y 
HD63C03Y 




Clock Frequency (MHz) 


1.0 (HO6303R) 
1.5 (HD63A03R) 
2.0 (HD63B03R) 


1.0 (HD6303X) 
1.5 (HD63A03X) 
2.0 (HD63B03X) 


1.0 (HD6303Y) 
1 .5 (HD63A03Y) 
2.0 (HD63B03Y) 
3.0 (HD63C03Y) 




Supply Voltage (V) 


5.0 


5.0 


5.0 




Operating Temperature* (^C) 


0~+70 


0~+70 


0~+70 




RAM (byte) 


128 


192 


256 




External Memory Expansion (byte) 


65k 


65k 


65k 




Package 


DP-40, FP-54 
CG-40, CP-52, CP-44 


DP-64S, FP-80. 
CP-68 


DP-64S, FP-64, 
CP-68 




Features 


• On-chip timer and synchronous/asynchronous SCI 

• Upward instruction compatibility with the HD6800 

• Low power consumption modes (sleep and standby) 





Type No. 


HD6305X2 

HD63A05X2 

HD63B05X2 


HD6305Y2 

HD63A05Y2 

HD63B06Y2 


HD63B09/E 
HD63C09/E 


HD64180R/Z 


Clock Frequency (MHz) 


1.0 (HD6305X2) 
1.5 (HD63A05X2) 
2.0 (HD63B05X2) 


1.0 (HD6305Y2) 
1.5 (HD63A05Y2) 
2.0 (HD63B05Y2) 


2.0 (HD63B09/E) 
3.0 (HD63C09/E) 


6.0 (HD64180R/Z-6) 
8.0 (HD64180R/Z-8) 
10.0 (HD64180R/Z-10) 


Supply Voltage (V) 


5.0 


5.0 


5.0 


5.0 


Operating Temperature* (**C) 


0~+70 


0~+70 


-20 --1-75 


-20~+75 


RAM (byte) 


128 


256 






External Memory 
Expansion (byte) 


16k 


16k 


65k 


512k/1iy/f 


Package 


DP-64S, FP-64 


DP-64S, FP-64 


DP-40 
CP-44 


DP-64S 
CP-68 
FP-80 


Features 


• On-chip timer and synchronous SCI 

• Powerful bit manipulation instruction 

• Low power consumption modes (wait, 
stop and standby) 


• Software compatibility 
with the HD6809/E 

• Easy relocatable/ 
reentrant programming 

• Flexible system 
expansion capabilities 

• Powerful addressing 
mode 


• On-chip MMU, DMAC, 
synchronous/ 
asynchronous SCI and 
timer 

• Software compatibility 
with Z80/8080 

• R version— 68/63, 80xx 
interface 

• Z version— Z80 interface 
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Type No. 


HD64180S 


HD641180X 


HD643180X 


HD647180X 


Clock Frequency (MHz) 


8.0 (HD64180SLP-8) 

1 U U \r\\JKm 1 OUoLr- 1 


4.0 (HD641180X-4) 
6 0(HD641180X-6) 
8.0 (HD641180X-8L) 


4 0(HD643180X-4) 
6 0(HD643180X-6) 
8 0(HD643180X-8L) 


4.0(HD647180X-4) 
6.0 (HD647180X-6) 
8.0 (HD647180X-8L) 


Supply Voltage (V) 


5.0 


5.0 


5.0 


5.0 


Operating Temperature* (°C) 


-20 ~ + 75 


-20- +75 


-20- +75 


-20- +75 


RAM (byte) 




512 


512 


512 


External Memory 
Expansion (byte) 


1M 


1M 


1M 


1M 


Package 


CP-84 


CP-90S, FP-80B, 
CP-84 


DP-90S, FP-80G, 
CP-84 


DP-90S, FP-80B, 
CP-84, CG-84 


Features 


• Software 
compatibility with 
HD64180R/Z 

• 2-Channel Serial 
Interface 


• Software 
compatibility with 
HD64180R/Z 

• No internal ROM 
(Romless) 


• Software compatibility 
with HD64180R/Z 

• 16K byte Mask ROM 


• Software compatibility 
with HD64180R/Z 

• 16K byte PROM 



•Wide Temperature Range (-40~+85*'C) version is available. 
CP/M® is the registered trade mark of Digital Research Inc. 
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■ NMOS 16-BIT MICROPROCESSOR 



Type No. 


HD68000-8 

HD68000-10 

HD68000-12 


HD68000Y8 

HD68000Y10 

HD68000Y12 


HD68000P8 


HD68000PS8 


HD68000CP8 


Clock Frequency (MHz) 


8.0(HD68000-8) 
10.0(HD68000-10) 
12.5(HD68000-12) 


8.0(HD68000Y8) 
10.0(HD68000Y-10) 
12.5(HD68000Y-12] 


8.0(HD68000R8) 


8.0(HD68000PS8) 


8.0(HD68000CP8) 


Supply Voltage (V) 


5.0 


Operating Temperature (''O 


0-^+70 


Power Dissipation (W) 


1.5 (f = 6MHz, 8MHz, 10MHz), 
1.75 (f = 12.5 MHz) 


0.9 (f = 8MHz) 


Package 


DC-64 


PGA-68 


DP-64 


DP-64S 


CP-68 


Feature 


High performance MPU featuring 32-bit data processing function 


Compatibility 


MC68000L6 
MC68000L8 
MC68000L10 
MC68000L12 


MC68000R6 
MC68000R8 
MC68000R10 
MC68000R12 


MC68000P6 
MC68000P8 




MC68000FN6 
MC68000 FN8 



■ CMOS 16-BIT MICROPROCESSOR 



Type No. 


HD68HC000-8 

HD68HC000-10 

HD68HC000-12 


HD68HC000Y-8 

HD68HC000V.10 

HD68HC000Y^2 


HD68HC000P8 

HD68HC000P10 

HD68HC000W2 


HD68HC000P98 

HD68HC000PS-10 

HD68HC000PS12 


HD68HC000CP8 

HD68HC000CW0 

HD68HC000CP12 


Clock 
Frequency 

(MHz) 


8.0(HD68HC000-8 ) 
10.0(HD68HC000-10) 
12.5(HD68HC000-12) 


8.0(HD68HC000Y8 ) 
10.0(HD68HC000Y10) 
12.5(HD68HC000Y12) 


8.0(HD68HC000P8 ) 
10.0(HD68HCOOOP-40) 
12.5(HD68HC000W2) 


8.0(HD68HC000P98 ) 
10.0(HD68HC000P910) 
12.5(HD68HC000PS12) 


8.0(HD68HC000CP8 ) 
10.0(HD68HC000CW0) 
12.5(HD68HC000CW2) 


Supply 
Voltage 
(V) 


5.0 


Operating 
Tempera- 
ture ("^O 


0~+70 


Current 
Dissipa- 
tion (mA) 


25 (f= 8 MHz) 
30(f=10 MHz) 
35 (f = 12.5 MHz) 


Package 


DC-64 


PGA-68 


DP-64 


DP-64S 


CP-68 


Feature 


High performance MPU featuring 32-bit data processing function 


Compati- 
bility 


MC68HC000L8 

MC68HC000L10 

MC68HC000L12 


MC68HC000R8 

MC68HC000R10 

MC68HC000R12 


MC68HC000G8 

MC68HC000G10 

MC68HC000G12 




MC68HC000FN8 

MC68HC000FN10 

MC68HC000FN12 
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INTRODUCTION OF PACKAGES 



Hitachi microcomputer devices include various types of 
package which meet a lot of requirements such as ever smaller, 
thinner and more versatile electric appliances. When selecting a 
package suitable for the customers' use, please refer to the 
following for Hitachi microcomputer packages. 

1. Package Classification 

There are pin insertion types, surface mounting types and 



multi-function types, applicable to each kind of mounting 
method. Also, plastic and ceramic materials are offered ac- 
cording to use. 

Fig. 1 shows the package classification according to the 
mounting types on the Printed Circuit Board (PCB) and the 
materials. 



Package Classification 



Pin Insertion Type 



Surface Mounting Type 



Multi-function Type 



Standard Outline 



Shrink Outline 



Flat Package 



Chip Carrier 



EPROM on the Package 
Type 



PGA 



FLAT- 
QUIP 



Shrink Type Plastic DIP 



Shrink Type Ceramic DIP 



SOP (Plastic) 



FPP (Plastic) 



PLCC (Plastic) 



USS 

(Glass Sealed Ceramic) 



DIP; DUAL IN LINE PACKAGE 

S-DIP; SHRINK DUAL IN LINE PACKAGE 

PGA PIN GRID ARRAY 

FLAT-DIP; FLAT DUAL IN LINE PACKAGE 

FLAT-QUIP, FLAT QUAD IN LINE PACKAGE 

CC CHIP CARRIER 

SOP; SMALL OUTLINE PACKAGE 

FPP; FLAT PLASTIC PACKAGE 

PLCC; PLASTIC LEADED CHIP CARRIER 

LCC;LEADLESS CHIP CARRIER 



Fig. 1 Package Classification according to the Mounting Type on the Printed Circuit Board and the Materials. 



2. Type No. and Package Code Indication 

Type No. of Hitachi microprocessor is followed by package 
material and outline specifications, as shown below. The package 
type used for each device is identified by code as follows, illus- 



trated in the data sheet of each device. 

When ordering, please write the package code beside the type 
number. 



Type No. Indication 



HDXXXXP 

T 



(Note) The HD68000 with shrink type plastic DIP (DP-64S) has a dif 
ferent type No. from other devices. 



TvpeNo HD68000PS8 



Package designation 



Package Classification 


No indication 


Ceramic DIP 


P 


Plastic DIP 


F 


FPP 


CP 


PLCC 


CG 


LCC 


Y 


PGA (16-bit microcomputer device) 
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Package Code Indication 



DP-64S 

TT 



Outline 

D ; DIP 
C ;CC 
F ;FLAT 



Materials 


Number of Pins 




P ; Plastic 

G ; Glass Sealed 

ceramic 
C ; Ceramic 




S;S-DIP 







(Note) PGA packages of 16-bit microcomputer devices have a different indication. 
Pac kage Code I ndication ; p "68 











Package Classification 




Number of Pins 



Date Code Indication 



Assembly lot date code. 



OAS 



Year 
0; 1990 



I 



9; 1999 



Month 
A; Jan. 



1 



H; Aug. 
J; Sept. 



M; Dec. 



Week 

1; 1 St week 



5; 5th week 
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Introduction of Packages 



3. Package Dimtntional Outline Table 1 according to the mounting method on the PCB. 

Hitachi microprocessor employs the packages shown in 

Table 1 Package List 



Method of Mounting 


Package Classification 


Package Material 


Package Code 


Pin Insertion Type 


Standard Outline (DIP) 


Plastic 


DP-40 
DP-64 


Ceramic 


DC-64 


Shrink Outline 


S-DIP 


Plastic 


DP-64S 
DP-90S 


PGA 


Glass Sealed Ceramic 


PGA-68 


Surface Mounting Type 


Flat Package 


FLAT-QUIP (FPP) 


Plastic 


FP-54 
FP-64 
FP-80 
FP80B 


Chip-Carrier 


PLCC 


Plastic 


CP-44 
CP-52 
CP-68 
CP-84 


LCC 


Glass Sealed Ceramic 


CG-40 
CG-84 


Plastic DIP 


Unit : mm(inch) 



• DP40 



52.8(2.079) 



40 54.0max.(2 126max.) 21 

..njciJ3 ixnn a, nn-n o iun.xi,n.D.n.n o q,. 




4- 


13.40 


u 
1 




UUUUUUUU U U U U U U U U U TJ 

12 20 
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Ceramic DIP 



Unit : mm(inch) 



• DC-64 



I n n n n n n I 



(0 040) 



(0 900) 




25tUi 

(0 010^885) 



Shrink Type Plastic DIP 



Unit: mm(inch} 



• DP-64S 



64 58.6max.(2.307max.) 33 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



UUUUUUUUUU 

I nyi.o 

(0 039) 



LiUUUUUUUUUU 
32 



EE to e 



(0 070±0 0I0) 



0.48 ±0 10. 
(0 01910 004)' 
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• DP-90S 




Pin Grid Array 

Unit: mm(inch) 

• PGA-68 
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Flat Package 



Unit: mm(inch) 



• FP-54 



256±04 
(I 008 ±0.0I6) 



(0 787) 



5 \« 



2 9max 
(0 Il4max) 



(0 01410 004) 




>7±03 To 



I5±005 
(0 006 ±0 002) 



(0 067 ±0.01 2) 



• FP-64 



25.6 ±0.4(1 008 ±0 016) 



20.0(0.787) 



(0 039 ±0 006) 





35±0 I 
(00l4± 004) 



,Ti0 3(0 067tO 



(0 006± 



002) 



0\2) 



^W:^o-.s. 



• FP-80 



256±04(l 008 ±00I6) 




08±0I5 035±0I 
(0031 ±0 006) (00I4± 004) 



i nBiiiiy \ ,. I . 

^VJM ^0 
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• FP-80A 



161 



I7.2±0.3(0.677±0.0I2) 



14.0(0.551) 



60 



fflMMOOllflimOll. 



40 



80 c 



20 



(0.0I2±0.002) 



2.90(0. 1 I4)max 



0. I (0.004) 



(STAND OFF) 




0.1 5 ±0.05 



(0.006 ±0.002) 



I .60(0.063) 



No. I 



0(0.004)H 



0.8 
(0.031) 



4' 



0.8 



(0.031) 



• FP-80B 



24.8±0.4(0.976t0.016) 
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Plastic Leaded Chip Carrier 



• CP-44 



Unit: mm(inch) 



17.53t0.12(0.690±0.005y 



□16. 58(00.653) 




29 
inn 



uuuuuLJuiJ i ua '■ 
7 17 



28 



] 
1 
] 

318 




0.74(0.0 2 9) . I, 

* ^ ^ o m o 



0.43±0 .10^ 
(0.017+O.OOSr 



1.27(0.050)1 



15.50±0.50 



(0.610±0.020r 




15.50±0.50 
(0.610±0.020) 

^10.10(0.004)1 



• CP-52 



+1 



20.07±0.12(0.790±0.005) 



47 

t 
C 
t 

c 

52 C 
It 
c 
t 
c 
c 
t 

7C 



□ 19.12(00.753) 



46 



34 



0.75(0.030), 



33 



21 



20 



o.42±o.iqj L 

(0.017+0.0045^ 



[1.27(0.050)1 



18.04±0.50 



(0.710±0.020) 




3 r 



mmmmmmmm 



18.04+0.50 
(0.710+0.020) 



Hq|0.10(0.004)| 
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Unit: mm(inch) 



• CP-68 



25.1S±0.12(0.99±0.005) 



□ 24.20(a0.953) 



61 

C 

c 
I 
I 
I 

681 

I 
I 
E 
C 
I 
£ 
[ 

9C 



XJVlt. 

10 



43 



127 




26 



0.74(0.029), 


<N 

• C 
O 4 
+1 P 

o h 
W « 


/TTI 


\ 






T 

0.43+0.10 


. .11.27(0.050)1 


(0.017+0.004) 

^— 


23.1210.50 





23.12±0.50 



(0.91010.020) 



HQ|0.10(O.Od4yi 



• CP-84 



30.2310.12(1.19010.005) 



□ 29.28(ai.153) 



54 




32 



53 




33 



0.74(0.029), 




28.2010.50(1.11010.020) 



HojO.1 0(0.004)1 



1 

0.4310.10. 



(0.01710.004)- 

1 ^ 28.2010.50(1.1 1010.020) 



1.27(0.050)1 
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Leadless Chip Carrier 



Unit: mm(inch) 



• CG-40 



□12.19±0.3 ^ 1 
(0.48010.012) 




36 



6 15 

UUUUUUUUUU 




c16 



nnnijiiiinn 



35 



25 

26^ 
0.51(0.020) 



• CG-84 
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4. Mounting Method on Board 

Lead pins of the package have surface treatment, such as 
solder coating or solder plating, to make them easy to mount 
on the PCB. The lead pins are connected to the package by 
eutectic solder. The following explains the common connecting 
method of leads and precautions. 

4.1 Mounting Method of Pin Insertion Type Package 

Insert lead pins of the package into through-holes (usually 
about 00.8mm) on the PCB. Soak the lead part of the package 
in a wave solder tub. 

Lead pins of the package are held by the through-holes. 
Therefore, it is easy to handle the package through the process 
up to soldering, and easy to automate the soldering process. 
When soldering the lead part of the package in the wave solder 
tub , be careful not to get the solder on the package, because 
the wave solder will damage it. 

4.2 Mounting Method of Surface Mounting Type Package 

Apply the specified quantity of solder paste to the pattern 
on any printed board by the screen printing method, and put a 
package on it. The package is now temporarily fixed to the 
printed board by the surface tension of the paste. The solder 
paste melts when heated in a reflowing furnace, and the leads 
of the package and the pattern of the printed board are fixed 
together by the surface tension of the melted solder and the 
self alignment. 

The size of the pattern where the leads are attached, partly 
depending on paste material or furnace adjustment, should be 
1.1 to 1 .3 times the leads' width. 

The temperature of the reflowing furnace depends on pack- 
age material and also package types. Fig. 2 lists the adjustment 
of the reflowing furnace for FPP. Pre-heat the furnace to 150°C. 
The surface temperature of the resin should be kept at 235**C 
max. for 10 minutes or less. 



Ensure good heater or temperature controls because the 
material of a plastic package is black epoxy-resin which damages 
easily. When an infrared heater is used, if the temperature is 
higher than the glass transition point of epoxy-resin (about 
150°C), for a long time, the package may be damaged and the 
reliability lowered. Equalize the temperature inside and outside 
the packages by lessening the heat of the upper surface of the 
packages. 

Leads of FPP may be easily bent under shipment or during 
handling and cannot be soldered onto the printed board. If 
they are, heat the bent leads again with a soldering iron to re- 
shape them. 

Use a rosin flux when soldering. Don't use a chloric flux 
because the chlorine in the flux tends to remain on the leads 
and lower the reliability of the product. 

Even if you use a rosin flux, remaining flux can cause the 
leads to deteriorate. Wash away flux from packages with 
alcohol, chlorothene or freon. But don't leave these solvents 
on the packages for a long time because the marking may 
disappear. 

5. Marking 

Hitachi trademark, product type No., etc. are printed on 
packages. Case I and Case II give examples of marks and Nos. 
Case I applies to products which have only a standard type No. 
Case II applies to products which have an old type No. and a 
standard type No. 



(1) The temperature of the leads should be kept at 260°C 
for 10 minutes or less. 

(2) The temperature of the resin should be kept at 235°C 
for 10 minutes or less. 

(3) Below is shown the temperature profile when soldering a 
package by the reflowing method. 



2 




Time 



Figure 2 Reflowing Furnace Adjustment for FPP 
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Introduction of Packages 



Case I ; Includes a standard type No. 
W (b) 



(c) 



BDBBnaB 



Case II ; Includes an old type No. and a standard type No. 
(a) (b) 



(e) 



(0 



BDiEBODDB 
BDBBODB 



Meaning of Each Mark 



(a) 


Hitachi Trademark 


(b) 


Lot Code 


(c) 


Standard Type No. 


(d) 


Japan Mark 


(e) 


Old Type No. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1 3 



SOCKETS FOR EVALUATING SURFACE AND 
THROUGH-HOLE MOUNT PACKAGES 



1. SOCKET LIST 

Table 1 lists the sockets available on the market for evaluating the characteristics of surface and through-hole package devices. For details, please 
inquire directly to the socket manufacturer. 



Tablet IC Socket List 



Package Type 


Package Code 


Socket Code 


Manufacturer Name 


QFP 


FP-54 


lUt) 1 -U044-0 1 i-d 


Yamaichi Denki 


FP-64 


IC51 -0644-472-2 

r rU-04- 1 . U-UoA 


Yamaichi Denki 
Enplas 


FP-64A 


ir^Ki (\CiAA fiOO Q 

FPQ-64-0.8-01A 


Yamaichi Denki 
Enplas 


FP-80 


lUO 1 -UoU4-oy4-<i 
FPQ-80-0.8-11A 


Yamaichi Denki 
Enplas 


FP-80B 


IUOl-UoU4-oiy- 1 
FPQ-80-0.8-11A 
FPQ-80-0.8-13A 


Yamaichi Denki Kogyo 

Enplas 

Enplas 


PLCC 


CP-44 


IC51 -0444-400 


Yamaichi Denki Kogyo K.K. 


CP-52 


IC51 -0524-411 


Yamaichi Denki Kogyo K.K. 


CP-68 


IC51 -0684-390 
PLCC-68-1. 27-02 


Yamaichi Denki Kogyo K.K. 
Enplas 


CP-84 


PC 1-084050-003 
IC51 -0844-401-1 


Nepenthe 

Yamaichi Denki Kogyo 


DIP (Plastic) 


DP-40 


IC37NR-4006-G4 


Yamaichi Denki 


DP-64 


IC8620-6409-G4 
IC86-6409 


Yamaichi Denki Kogyo 


DIP (Plastic, Shrink) 


DP-64S 


IC7620-64075-G4 
IC38-64075-G4 


Yamaichi Denki 
Yamaichi Denki 


DP-90S 


IC121-9009-G4 


Yamaichi Denki Kogyo 


Dip (Ceramic) 


DC-64 


IC8620-6409-G4 


Yamaichi Denki Kogyo 


PGA (Glass Sealed Ceramic) 


PC-68 


PPS68-AG2D 


AUGAT 


LCC (Glass Sealed Ceramic) 


CG-40 


240-5084-00-1102 


TEXTOOL 


CG-84 


PCI -084050-003 
SHIM-0844-401-047 
IC51 -0844-401-1 


Nepenthe 
Nepenthe 

Yamaichi Denki Kogyo 
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DEVICE PACKING 



1. SHIPPING CONTAINERS AND HANDLING 
1.1 SHIPPING CONTAINER FORMS 

Figures 1 and 2 illustrate the shipping container forms for 
ordinary IC devices. Within the outer corrugated cardboard carton 
there are one or more inner cartons. These inner carton contain 
magazines, trays, or tape reels, which the IC devices are shipped in. 



Plastic surface mount packages containing large chips can crack 
if they absorb moisture and are mounted by reflow soldering. These 
surface mount devices are packed with a moisture-proof material to 
prevent the packages from absorbing moisture during shipping and 
storage. 



OUTER 
BOX 




Carton tape (blue) 



PP band 



Label 



2 

INNER 
BOX 




Cardboard 




Label 



Carton 



Magazine 



MAGAZINE, 
TRAY, & 
MOS-PACK 




4 

IC (LSI) 



Figure 1. Shipping Containers 
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1.2 NOTES ON HANDLING 

(1) Handles the outer cardboard carton with care. Sudden drops or 
shocks can cause damage to the enclosed products. Be sure not 
to overstack the cartons. 

(2) Prevent water leakage . Do not leave shipping containers outside 
or store them in high-temperature, high-humidity areas. 

(3) Handle the inner cartons with care. Dropping a box may dis- 
lodge a magazine stopper, allowing devices to slide out in which 
care their leads may be deformed. Dropping may also cause 
damage to ceramic packages and cause leaks to air-tight seals. 
The surface of transparent vinyl-chlonde magazines are treated 
with an antistatic coating to prevent static charge. Be aware of 
the following notes concerning this coatmg: 



• Water leakage will cause the anti-static material to peel off 
and lose it effectiveness. 

• The anti-static material may become sticky in high- 
temperature, high-humidity environments. 

• The anti-static material may warp over time; avoid storage 
beyond six months. Do not reuse the material. 

• Note that the surface resistance of transparent magazines is 
less than 1 x lO"' Ohms, and the surface resistance of black 
magazines is less than I x lO Ohms. 

• Store vinyl-chloride trays between -25*C and +40°C. Both 
the shape and color may change in an environment above 
55°C. 



1.3 PARTIAL SHIPMENTS PACKING 




Pink Foam* 
(Antistatic) 



Inner Box or 
MOS Pack 



Packing List* 



Label (Bar Coded)* 



DIMENSION IN MM 


DIMENSION IN INCHES 


W X H X L 


W X H X L 


250 X 250 X 500 


10 X 10 X 20 


250 X 225 X 550 


10 X 9 X 22 


175 X 150 X 550 


7 X 6 X 22 


• Materials or placement may vary. 



Figure 2. Partial Shipments 
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2. MOISTURE-PROOF (DRY PACK) PACKING AND HANDLING 

If a surface mount package is mounted with solder reflow after it ages are encased m vacuum packed moisture-proof (dry pack) pack- 
has absorbed moisture, then package cracks may occur. In order to ing material as shown in figure 3 The following sections describe 
prevent moisture absorption during shipping or storage, the pack- how to handle this material. 




Inner case 



Figure 3. Vacuum Packed Moisture-Proof (Dry Pack) Packing 
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2.1 STORAGE METHOD: 

Storing packed ICs under inappropriate conditions can cause de- 
terioration in solderability and performance. Hitachi recommends 
that products m vacuum packed moisture-proof (dry pack) packing 
material be stored in tray boxed If this is not possible, packages 
should be stored under the following conditions: 

• Temperature' 5 to 30 °C 

• Humidity less than 60% RH 

Parts stored m unopened vacuum packed moisture-proof (dry 
pack) condition may remain solderable for three (3) to five (5) years. 

2.2 HANDLING AFTER OPENING: 

In order to prevent re absorption alter opening the moisture- 
proof material, store under the conditions listed above and re flow 
mount the packages within one week If the packages must be placed 
into storage again after opening, then seal in a new (non-moisture 
contain mated) silica gel (confirm with blue-colored indicator) and 
store under the conditions listed above Try to reseal in vacuum 
packed moisture-proof (dry pack) packing material 



2.3 BAKING BEFORE SOLDER REFLOW: 

Baking is necessary if the indicator of the silica gel does not 
appear blue-colored throughout; more than one week has elapsed 
since opening (even stored under the conditions listed above); or the 
affixed label indicates baking is required. 

2.4 RECOMMENDED BAKING CONDITIONS: 

Baking should be performed under the following conditions: 

• Temperature. 125 °C 

• Duration: 16 to 24 hours 

The magazines, trays, and tape reels normally used for shipment 
are not heat-proof, therefore containers cannot be baked as shipped. 
Devices must first be transferred into a heat-proof container Heat- 
proof magazines and trays are currently under development. 

Tray labelled as heat-proof can be used, however do not bake with 
the moisture-proof bag Bake on a level plane to prevent sliding. 



3. PACKING SPECIFICATIONS FOR VARIOUS PACKAGES 
3.1 PACKING SPECIFICATIONS for DIP Packages 



Package Code 
(corresponding 
diagram) 


Illustration m 


Quantity 


Inner Box* Dimensions 


figure 4(b) 


ICs/Magazine 


IC/MOS Pack 


Magazines/Inner Box 


W X H X L in mm. and (inches) 


DP-40 


(A or B) 


9 




20 


112.5 X 59.4 X 500 




(41/2 X 23/8 X 20) 


DP-64 












(DP-64S) 


(C) 


8 




12 


75 X 59.4 X 500 






(3 X 23/8 X 20) 


DP-90S 












DC-64 


(D) 




10 


N/A 


80 X 16 X 240 




(31/8 X % X 9%) 



Figure 4(a). Packing Specifications for DIP Packages *(see Fig 1, this section) 
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Nnn miKrition plastirited 
sod chlorocthylrne stvpper 
(gr.y) 




Magazine board thickness: 0.8±0.3ngi 
Length: 500±2iin 




Dimensional tolerance. ±0.5mra 



Illustration (A) 



Ni>n migaralion plaslirizfH 
Soil < hldroelhylene stopper 
'gray) 




Magazine board thickness : 1 + . 3nai 
Length: 495 ± 3mm 

(500 t3n.m) 



P 



Dimensional 
tolerance: tO.Sim 



Illustration (B) 



Clear Plastic (anti-static) 



Non mtK-iralinn plusltrizrd 

Sofi fliloroelhjlrnf »(<ipiK'r H*'"*' chlorethylene migatine 

(gray) (ornng*) 





Clear 



Plasti^ 



(anti-static) 



Magazine board thickness: L0±0.3inn 
Length: 495 ± Sain 



- 240.0 mnn — 



80 nnm 




I 



Dimensional 
tolerance: O.Snin 



Black Foann 
(carbon treated) 



Cardboard 
(Faraday) 




4.0 mm 



y— . j_ 

Cardboard 1 mm 
(Faraday) 



Illustration (0) 



Illustration (D) 



Figure 4(b). Packing Materials for DIP Packages 
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Illustration (E):^ 





°32 2 

-A 




7X3 


7 9=265 




37 


-1 








-4} 


A- 


m- 




Wi 

X 






-¥ 






¥■ 







I 75 


' 






15 


160 

79 







fwithout holes 4with holes 
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Illustration in 
Figure 5 


Quantity 


Inner Box* Dimensions 
W X H X L in mm. (in.) 


IC/Tray 


Trays/Inner Box 




/p nr n^ 
or u) 


50 


10 


147 X 70 X 325 


(53/4 X 23/4 X 13) 


rr-D'f 


ff^ r\r n\ 


50 


10 


147 X 70 X 325 


(53/4 X 23/4 X 13) 






50 


10 


147 X 70 X 325 


(53/4 X 23/4 X 13) 


pp.80 


(C or D) 


50 


10 


147 X 70 X 325 


(53/4 X 23/4 X 13) 


FP-80B 


D 


50 


10 


147 X 70 X 325 


(53/4 X 23/4 X 13) 


CG-40 


(A) 


50 


10 


147 X 70 X 325 


(53/4 X 23/4 X 13) 



Figure 5. QFP and LCC Packing Specifications and Materials *(see Fig. 1, this section) 



3.3 PACKAGE PACK SPECIFICATIONS 
PLCC PACKING SPECIFICATIONS 




Conductive nexibic PC V (black) 



Magazine board 
thickness: 0.8 ± 0.3 mm 
length: 495 ± 3 mm 



20.1 










18.5 





Dimensional tolerance: ± 0.5 mm 
Illustration (A) 



Magazine board 
thickness: 1.1 ± 0.3 mm 
length: 495 ± 3 mm 



23.3 










21.1 





Dimensional tolerance: ± 0.5 mm 
illustration (B) 



Magazine board 
thickness: 0.8 ± 0.3 mm 
length: 495 ± 3 mm 

















26.25 







Dimensional tolerance: ± 0.5 mm 
Illustration (C) 



Package Code 


Illustration in 


Quantity 


Inner Box* Dimensions 


Figure 6 


ICs Magazine 


Magazines/Inner Box 


W X H X L in mm. (in.) 


CP-44 


(A) 


26 


30 


113 X 56.3 X 493.8 


(41/2 X 21/4 X 193/4) 


CP-52 


(B) 


23 


18 


118.8 X 65.6 X 500 


(41/2 X 2% X 20) 


CP-68 


(C) 


18 


28 


118.8 X 65.6 X 493.8 


(41/2 X 2% X 20) 


CP-84 


(D) 


15 







Figure 6. PLCC Packing Specifications and Materials *(see Fig. 1, this section) 
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4.0 PACKING LABELS 



CUST P 


BRT 4444 


4444444444444^ 


K4 


#HITACHI 

P-RIZIM = 

44444444444444444444444444444 
44444444444444444444444444444 
44444444444444444444444444444 

"TO = 

44444444444444444444444444444 
44444444444444444444444444444 
44444444444444444444444444444 
44444444444444444444444444444 
44444444444444444444444444444 


HRLPRR 
P 


^ 4444 


44444444 


H4^ 


4' 


^44 


QUfiNTI 

° Ii if 1 


llllfilll ['^ 


ll i 4444444 Efl 


PRCK'RG 
44 

i '"]'•• !>] 

ill il 


E i.D. 444^] 


44444444 


444 

Illl!! 


'! 1 






DATE CODE 444444 


CUST P 
K 

ir 


.0. 4444 


44444444- 


4444 


i4^ 






BOX COUNT 

4444444444 



Figure 7. Outer Box Label 



Figures 1 and 2 on pages 13 and 14 show the outer box label 
placement on the end and left adjacent side of the box. Placement is 
within one-half inch ('/2") of the box's corner. Figures 1 and 2 show 
the inner box label placement is on the end of the inner box. A 
packing list is afixed to the left adjacent side of the outer box's end 
and next to the bar code label. 



PIN: 

QTY: 

Date Code: 



Figure 8. Inner Box Label 
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RELIABILITY AND QUALITY ASSURANCE 



1. VIEWS ON QUALITY AND RELIABILITY 

Basic views on quality in Hitachi are to meet individual 
user's purchase purpose and quality required, and to be at the 
satisfied quality level considering general marketability. Quality 
required by users is specifically clear if the contract specifica- 
tion is provided. If not, quality required is not always definite. 
In both cases, efforts are made to assure the reliability so that 
semiconductor devices delivered can perform their ability in 
actual operating circumstances. To realize such quality in 
manufacturing process, the key points should be to estabUsh 
quality control system in the process and to enhance morale 
for quality. 

In addition, quality required by users on semiconductor 
devices is going toward higher level as performance of elec- 
tronic system in the market is going toward higher one and is 
expanding size and application fields. To cover the situation, 
actual bases Hitachi is performing is as follows; 

(1) Build the reliability in design at the stage of new product 
development. 

(2) Build the quality at the sources of manufacturing process. 

(3) Execute the harder inspection and reliability confirmation 
of final products. 

(4) Make quality level higher with field data feed back. 

(5) Cooperate with research laboratories for higher quality 
and reliability. 

With the views and methods mentioned above, utmost efforts 
are made for users' requirements. 

2. RELIABILITY DESIGN OF SEMICONDUCTOR 
DEVICES 

2.1 Reliability Targets 

Reliability target is the important factor in manufacture 
and sales as well as performance and price. It is not practical to 
rate reliability target with failure rate at the certain common 
test condition. The reliability target is determined correspond- 
ing to character of equipments taking design, manufacture, 
inner process quality control, screening and test method, etc. 
into consideration, and considering operating circumstances 
of equipments the semiconductor device' used in, reliability 
target of system, derating applied in design, operating condition, 
maintenance, etc. 

2.2 Reliability Design 

To achieve the reliability required based on reliability targets, 
timely sude and execution of design standardization, device 
design (including process design, structure design), design 
review, reliability test are essential. 

(1) Design Standardization 

Establishment of design rule, and standardization of parts, 
material and process are necessary. As for design rule, critical 
items on quality arid reliability are always studied at circuit 
design, device design, layout design, etc. Therefore, as long as 
standardized process, material, etc. are used, reliability risk is 
extremely small even in new development devices, only except 
for in the case special requirements in function needed. 

(2) Device Design 

It is important for device design to consider total balance 
of process design, structure design, circuit and layout design. 
Especially in the case new process and new material are em- 
ployed, technical study is deeply executed prior to device 



development. 

(3) Reliability Evaluation by Test Site 

Test site is sometimes called Test Pattern. It is useful method 
for design and process reliability evaluation of IC and LSI which 
have complicated functions. 

1 . Purposes of Test Site are as follows; 

• Making clear about fundamental failure mode 

• Analysis of relation between failure mode and manufac- 
turing process condition 

• Search for failure mechanism analysis 

• Establishment of QC point in manufacturing 

2. Effectiveness of evaluation by Test Site are as follows; 

• Common fundamental failure mode and failure mecha- 
nism in devices can be evaluated. 

• Factors dominating failure mode can be picked up, and 
comparison can be made with process having been experi- 
enced in field. 

• Able to analyze relation between failure causes and manu- 
facturing factors. 

• Easy to run tests, 
etc. 

2.3 Design Review 

Design review is organized method to confirm that design 
satisfies the performance required including users' and design 
work follows the specified ways, and whether or not technical 
improved items accumulated in test data of individual major 
fields and field data are effectively built in. In addition, from 
the standpoint of enhancement of competitive power of prod- 
ucts, the major purpose of design review is to ensure quality 
and reliability of the products. In Hitachi, design review is 
performed from the planning stage for new products and even 
for design changed products. Items discussed and determined 
at design review are as follows; 

(1) Description of the products based on specified design 
documents. 

(2) From the standpoint of specialty of individual participants, 
design documents are studied, and if unclear matter is 
found, sub-program of calculation, experiments, investiga- 
tion, etc. will be carried out. 

(3) Determine contents of reliability and methods, etc. based 
on design document and drawing. 

(4) Check process ability of manufacturing line to achieve 
design goal. 

(5) Discussion about preparation for production. 

(6) Planning and execution of sub-programs for design change 
proposed by individual specialist, and for tests, experiments 
and calculation to confirm the design change. 

(7) Reference of past failure experiences with similar devices, 
confirmation of' method to prevent them, and planning 
and execution of test program for confirmation of them. 
These studies and decisions are made using check lists 
made individually depending on the objects. 

3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR 
DEVICES 

3.1 Activity of Quality Assurance 

General views of overall quality assurance in Hitachi are as 
follows; 

(1) Problems in individual process should be solved in the 
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process. Therefore, at final product stage, the^ potential 
failure factors have been already removed. 

(2) Feedback of information should be made to ensure satisfied 
level of process ability. 

(3) To assure reliability required as an result of the things 
mentioned above is the purpose of quality assurance. 

The followings are regarding device design, quality approval 
at mass production, inner process quality control, product 
inspection and reliability tests. 

3.2 Quality Approval 

To ensure quality and reliability required, quality approval 
is carried out at trial production stage of device design and 
mass production stage based on reliability design described at 
section 2. 

The views on quality approval are as follows; 

(1) The third party performs approval objectively from the 
standpoint of customers. 

(2) Fully consider past failure experiences and information 
from field. 

(3) Approval is needed for design change and work change. 

(4) Intensive approval is executed on parts material and pro- 
cess. 

(5) Study process ability and fluctuation factor, and set up 
control points at mass production stage. 

Considering the views mentioned above, quality approval 
shown in Fig. 1 is performed. 

3.3 Quality and Reliability Control at Mass Production 

For quality assurance of products in mass production, 
quality control is executed with organic division of functions 



in manufacturing department, quality assurance department, 
which are major, and other departments related. The total 
function flow is shown in Fig. 2. The main joints are described 
below. 

3.3.1 Quality Control of Parts and Material 

As the performance and the reliability of semiconductor 
devices are getting higher, importance is increasing in quality 
control of material and parts, which are crystal, lead frame, 
fine wire for wire bonding, package, to build products, and 
materials needed in manufacturing process, which are mask 
pattern and chemicals. Besides quality approval on parts and 
materials stated in section 3.2, the incoming inspection is, 
also, key in quality control of parts and materials. The in- 
coming inspection is performed based on incoming inspection 
specification following purchase specification and drawing, 
and sampling inspection is executed based on MIL-STD-105D 
mainly. 

The other activities of quality assurance are as follows: 

(1) Outside Vendor Technical Information Meeting 

(2) Approval on outside vendors, and guidance of outside 
vendors 

(3) Physical chemical analysis and test 

The typical check points of parts and materials are shown in 
Table 1. 

3.3.2 Inner Process Quality Control 

Inner process quality control is performing very important 
function in quality assurance of semiconductor devices. The 
following is description about control of semi-final products, 
final products, manufacturing facilities, measuring equipments. 



Step 

Target 

Specification 



Contents 



Design"! 



Purpose 



Design 
Trial 

Production 



Materials, Parts 
Approval 



|Charact eristics Approval^ "* 



iQuah^^Appt^val (1) 



Characteristics of Material and 
Parts 

Appearance 

Dimension 

Heat Resistance 

Mechanical 

Electrical 

Others 



Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 




Reliability Test 
Process Check same as 
Quality Approval (1) 



Figure 1 Flow Chart of Quality Approval 



Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 



1- 


Electrical 
Characteristics 
Function 




Confirmation of Target 
Spec. Mainly about 
Electrical Characteristics 




Voltage 
Current 






Temperature 
Others 






Appearance, Dimension 





Confirmation of Quality 
and Reliability in Design 



Confirmation of Quality 
and Reliability m Mass 
Production 
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circumstances and sub-materials. The quality control in the 
manufacturing process is shown in Fig. 3 corresponding to 
the manufacturing process. 

(1) Quality Control of Semi-final Products and Final Products 

Potential failure factors of semiconductor devices should be 
removed preventively in manufacturing process. To achieve it, 
check points are set-up in each process, and products which 
have potential failure factor are not transfer to the next process. 
Especially, for high reliability semiconductor devices, manu- 
facturing line is rigidly selected, and the quality control in the 
manufacturing process is tightly executed - rigid check in 
each process and each lot, 100% inspection in appropriate ways 
to remove failure factor caused by manufacturing fluctuation, 
and execution of screening needed, such as high temperature 
aging and temperature cycling. Contents of inner process 
quality control are as follows; 

• Condition control on individual equipments and workers, 
and sampling check of semifinal products. 

• Proposal and carrying-out improvement of work 

• Education of workers 

• Maintenance and improvement of yield 

• Picking-up of quality problems, and executwn of counter- 



measures 

• Transmission of information about quality 

(2) Quality Control of Manufacturing Facilities and Measuring 
Equipment 

Equipments for manufacturing semiconductor devices have 
been developing extraordinarily with necessary high perform- 
ance devices and improvement of production, and are important 
factors to determine quality and reliability. In Hitachi, auto- 
matization of manufacturing equipments are promoted to im- 
prove manufacturing fluctuation, and controls are made to 
maintain proper operation of high performance equipments 
and perform the proper function. As for maintenance inspection 
for quality control, there are daily inspection which is perform- 
ed daily based on specification related, and periodical inspection 
which is performed periodically. At the inspection, inspection 
points listed in the specification are checked one by one not to 
make any omission. As for adjustment and maintenance of 
measuring equipments, maintenance number, specification are 
checked one by one to maintain and improve quality. 

(3) Quality Control of Manufacturing Circumstances and Sub- 
materials 

Quality and reliability of semiconductor device is highly 
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Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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affected by manufacturing process. Therefore, the controls of 
manufacturing circumstances — temperature, humidity, dust — 
and the control of submaterials - gas, pure water - used in 
manufacturing process are intensively executed. Dust control 
is described in more detail below. 

Dust control is essential to realize higher integration and 
higher reliability of devices. In Hitachi, maintenance and im- 
provement of cleanness in manufacturing site are executed 
with paying intensive attention on buildings, facilities, air- 
conditioning systems, materials delivered-in, clothes, work, etc., 
and periodical inspection on floating dust in room, falling dusts 
and dirtiness of floor. 

3.3.3 Final Product inspection and Reliability Assurance 

(1) Final Product Inspection 

Lot inspection is done by quality assurance department for 
products which were judged as good products in 100% test, 
which is final process in manufacturing department. Though 
100% of good products is expected, sampling inspection is 
executed to prevent mixture of failed products by mistake of 
work, etc. The inspection is executed not only to confirm that 
the products meet users' requirement, but to consider potential 
factors. Lot inspection is executed based on MIL-STD-105D. 

(2) Reliability Assurance Tests 

To assure reliability of semiconductor devices, periodical 
reliability tests and reliability tests on individual manufacturing 
lot required by user are performed. 



Table 1 Quality Control Check Points of Material and Parts 
(Example) 



Material, 
Parts 


Important 
Control Items 


Point for Check 


Wafer 


Appearance 

Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 


Damage and Contamina- 
tion on Surface 
Flatness 
Resistance 
Defect Numbers 


Mask 


Appearance 
Dimension 
Resistoration 
Gradation 


Defect Numbers, Scratch 
Dimension Level 

Uniformity of Gradation 


Fine 
Wire for 
Wire 
Bonding 


Appearance 

Dimension 
Purity 

Elongation Ratio 


Contamination, Scratch, 
Bend, Twist 

Purity Level 
Mechanical Strength 


Frame 


Appearance 

Dimension 

Processing 

Accuracy 
Plating 
Mounting 

Characteristics 


Contamination, Scratch 
Dimension Level 

Bondability, Solderability 
Heat Resistance 


Ceramic 
Package 


Appearance 
Dimension 
Leak Resistance 
Plating 
Mounting 

Characteristics 
Electrical 

Characteristics 
Mechanical 

Strength 


Contamination, Scratch 
Dimension Level 
Airtightness 

Bondability, Solderability 
Heat Resistance 

Mechanical Strength 


Plastic 


Composition 

Electrical 

Characteristics 
Thermal 

Characteristics 
Molding 

Performance 
Mounting 

Characteristics 


Characteristics of 
Plastic Material 

Molding Performance 
Mounting Characteristics 
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Process 

^ Purchase of Material 



Control Point 



'1 



— Frame - 



Package-* 



Surface Oxidation 
Inspection on Surface 
Oxidation 
) Photo Resist 

] Inspection on Photo Resist 

PQC Level Check 
) Diffusion 

] Inspection on Diffusion 
PQC Level Check 

£vaporation 

] Inspection on Evaporation 

PQC Level Check 
3 Wafer Inspection 

] Inspection on Chip 
Electrical Characteristics 
Chip Scribe 
Inspection on Chip 
Appearance 

PQC Lot Judgement 

O Assembling 



PQC Level Check 

Cjj Inspection after 
Assembling 
PQC Lot Judgement 



) Sealing 

PQC Level Check 
) Final Electrical Inspection 
Failure Analysis 

] Appearance Inspection 
^Sampling Inspection on 

Products 
) Receiving 

Shipment 



Wafer 
Oxidation 



Photo 
Resist 



Evapora- 
tion 



Wafer 

Chip 



Assembling 



Sealing 
Marking 



Characteristics, Appearance 



Appearance, Thickness of 
Oxide Film 



Dimension, Appearance 

Diffusion Depth, Sheet 

Resistance 

Gate Width 

Characteristics of Oxide Film 
Breakdown Voltage 

Thickness of Vapor Film, 
Scratch, Contamination 



Thickness. Vth Characteris- 
tics 

Electrical Characteristics 
Appearance of Chip 



Appearance after Chip 
Bonding 

Appearance after Wire 
Bonding 

Pull Strength, Compression 
WMth, Shear Strength 
Appearance after Assembling 



Appearance after Sealing 
Outline, Dimension 
Marking Strength 

Analysis of Failures, Failure 
Mode, Mechanism 



Purpose of Control 



Scratch, Removal of Crystal 
Defect Wafer 
Assurance of Resistance 
Pinhole, Scratch 



Dimension Level 
Check of Photo Resist 
Diffusion Status 

Control of Basic Parameters 
(Vth. etc.) Cleanness of surface. 
Prior Check of Vih 
Breakdown Voltage Check 
Assurance of Standard 
Thickness 



Prevention of Crack, 
Quality Assurance of Scribe 



Quality Check of Chip 
Bonding 

Quality Check of Wire 
Bonding 

Prevention of Open and 
Short 



Guarantee of Appearance 
and Dimension 



Feedback of Analysis Infi^r- 
mation 



Figure 3 Example of Inner Process Quality Control 
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Figure 4 Process Flow Chart of Field Failure 
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1. INTRODUCTION 

Microcomputer is required to provide higher reliability and 
quality with increasing function, enlarging scale and widening 
application. To meet this demand, Hitachi is improving the 
quality by evaluating reliability, building up quality in process, 
strengthening inspection and analyzing field data etc.. 

This chapter describes reliability and quality assurance data 
for Hitachi 8-bit "and 16-bit multi-chip microcomputer based on 
test and failure analysis results. More detail data and new infor- 
mation will be reported in another reliability data sheet. 



2. PACKAGE AND CHIP STRUCTURE 
2.1 Package 

The reliability of plastic molded type has been greatly im- 
proved, recently their applications have been expanded to auto- 
mobiles measuring and control systems, and computer terminal 
equipment operated under relatively severe conditions and 
production output and application of plastic molded type will 
continue to increase. 

To meet such requirements, Hitachi has considerably im- 
proved moisture resistance, operation stability, and chip and 
plastic manufacturing process. 

Plastic and ceramic package type structure are shown in 
Figure 1 and Table 1 . 



(1) Ceramic DIP 



(2) Plastic DIP 



(3) Plastic Flat Package 




Bonding wire 




Bonding wi 



Chip 

re V — - 




Figure 1 Package Structure 



Table 1 Package Material and Properties 



Item 


Ceramic DIP 


Plastic DIP 


Plastic Flat Packagje 


Package 


Alumina 


Epoxy 


Epoxy 


Lead 


Tin plating Brazed Alloy 42 


Solder dipping Alloy 42 or Cu 


Solder plating Alloy 42 


Seal 


Au-Sn Alloy 


N.A 


N.A 


Die bond 


Au-Si 


Au-Si or Ag paste 


Au-Si or Ag paste 


Wire bond 


Ultrasonic 


Thermo compression 


Thermo compression 


Wire 


Al 


Au 


Au 
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2.2 Chip Structure 

Hitachi microcomputers are produced in NMOS E/D tech- 
nology or low power CMOS technology. Si-gate process is used 



in both types because of high reliability and high density. 
Chip structure and basic circuit are shown in Figure 2. 



Si-Gate N-channel E/D 




Oram Source Drairt Source 
FET1 FET2 



G/ .h* \ N-channel 
H| j DMOS 




Si Gate CMOS 




P-channel 
EMOS 




Figure 2 Chip Structure and Basic Circuit 



3. QUALITY QUALIFICATION AND EVALUATION 
3.1 Reliability Test Methods 

Reliabihty test methods shown in Table 2 are used to qualify and evaluate the new products and new process. 

Table 2 Reliability Test Methods 



Test Items 


Test Condition 


MIL-STD-883B Method No. 


Operating Life Test 


125'*C,1000hr 


1005,2 


High Temp, Storage 
Low Temp, Storage 
Steady State Humidity 
Steady State Humidity Biased 


Tstg max, lOOOhr 
Tstg min, lOOOhr 
65**C95%RH, lOOOhr 
85°C85%RH, lOOOhr 


1008,1 


Temperature Cycling 
Temperature Cycling 
Thermal Shock 
Soldering Heat 
Mechanical Shock 
Vibration Fatigue 
Variable Frequency 
Constant Acceleration 
Lead Integrity 


-55°C-150**C, 10 cycles 
-20°C-125°C,200 cycles 
O^'C-IOO'^C, 100 cycles 
260°C, 10 sec 

1500G 0.5 msec, 3 times/X, Y, Z 
60Hz 20G, 32hrs/X, Y, Z 
20~2000Hz 20G, 4 min/X, Y, Z 
20000G, 1 min/X, Y, Z 
225gr, 90° 3 times 


1010,4 

1011,3 

2002,2 
2005,1 
2007,1 
2001,2 
2004,3 
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3.2 Reliability Test Result Table 9. There is little difference according to device series, as 

Reliability test result of 8-bit microprocessors is shown in the design and production process, etc. are standardized. 
Table 3 to Table 7, that of 16-bit microprocessors in Table 8, 



Table 3 Dynamic Life Test (8-bit microprocessor) 



Device Type 


Sample Size 


Component Hours 


Failures 


HD6800 


248 pes 


248000 





HD6802 


452 


153712 


1* 


HD6809 


85 


85000 





Total 


785 


486712 


1 



* leakage current 



Estimated Field Failure Rate 

= 0.01% / 1000 hrsat Ta = 75*'C 
(Activation Energy = 0.7eV, Confidence Level 60%) 



Table 4 High Temperature, High Humidity Test (8-bit microprocessor) (Moisture Resistance Test) 



(1) 85''C 85%RH Bias Test 



Device Type 


Vcc Bias 


168 hrs 


500 hrs 


1000 hrs 


HD6800P 


5.5V 


0/45 


0/45 


0/45 


HD6802P 


5.5V 


0/38 


0/38 


0/38 


HD6809P 


5.5V 


0/22 


0/22 


0/22 


Total 




0/105 


0/105 


0/105 


(2) High Temperature-High Humidity Storage Life Test 


Device Type 


Condition 


168 hrs 


500 hrs 


1000 hrs 


HD6800P 


65°C 95%RH 


0/22 


0/22 


0/22 


HD6802P 


80°C 90% RH 


0/22 


0/22 


0/22 


HD6802P 


65°C 95%RH 


0/38 


0/38 


0/38 


HD6809P 


65°C 95%RH 


0/45 


0/45 


0/45 



(3) Pressure Cooker Test 
(Condition ; 2atm 12rC) 



Device Type 


40 hrs 


60 hrs 


100 hrs 


HD6800P 


0/42 


0/42 


0/42 


HD6802P 


0/22 


0/22 


0/22 



(4) MIL-STD-883B Moisture Resistance Test 

(Condition; 65°C ~ -10°C, over 90%RH, Vcc = 5.5V) 



Device Type 


10 cycles 


20 cycles 


40 cycles 


HD6800P 


0/25 


0/25 


0/25 


HD6802P 


0/25 


0/25 


0/25 
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Table 5 Temperature Cycling Test (8-blt microprocessor) (~55*C ~ 25*C ~ 150*0 



Device Type 


10 cycles 


1 00 cycles 


200 cycles 


HD6800P 


0/453 


0/44 


0/44 


HD6802P 


0/502 


0/77 


0/77 


HD680gP 


0/202 


0/45 


0/45 



Table 6 High Temperature, Low Temperature Storage Life Test (8-bit microprocessor) 



Device 


Temperature 


168 hrs 


500 hrs 


1000 hrs 


MRU total 


150''C 
-55°C 


0/88 
0/76 


0/88 
0/76 


0/88 
0/76 



Table 7 Mechanical and Environmental Test (8-bit microprocessor) 



Test Item 


Condition 


Plastic DIP 


Flat Plastic Package 


Sample Size 


Failure 


Sample Size 


Failure 


Thermal Shock 


0°C-^ 100°C 
1 cycles 


110 





100 





Soldering Heat 


260° C, 10 sec. 


180 





20 





Salt Water Spray 


35°C, NaCI 5% 
24 hrs 


110 





20 





Solderabiiity 


230° C, 5 sec. 
Rosin flux 


159 





34 





Drop Test 


75cm, maple board 
3 times 


110 





20 





Mechanical Shock 


1500G, 0.5 ms 
3 times/X, Y, Z 


110 





20 





Vibration Fatigue 


60 Hz, 20G 
32 hrs/X, Y, Z 


110 





20 





Vibration Variable Freq. 


100 --2000 Hz 
20G, 4 times/X, Y, Z 


110 





20 





Lead Integrity 


225 g, 90° 
Bonding 3 times 


110 





20 
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Table 8 Dynamic Life Test (16-bit microprocessor) 



Device Type 


Condition 


168 hrs 


500 hrs 


1000 hrs 


Ta 


Vcc 




125°C 


5.5V 


0/62 


0/62 


0/62 


HD68000 














5.5V 


0/52 


0/52 


0/52 



Eitimated Field Failure Rate 

= 0.013%/1000hr$at Ta= 75'C 

(Activation Energy 0.7eV, Confidence Level 60%) 



Table 9 Mechanical and Environmental Test (16-bit microprocessor) 



Test Item 


Condition 


Device Type 


Sample Size 


Failure 


High Temperature 
Storage 


Ta = 295*C, 1000 hrs 


42 





Low Temperature Storage 


Ta = -55*C, 1000 hrs 


42 





Temperature 
Cycling (1) 


-55*'C-25*C-150*'C 
10 cycles 


189 





Temperature 
Cycling (2) 


-20°C-25*C- 125*'C 
500 cycles 


44 





Thermal 
Shock 


-55*'C~125°C 
1 5 cycles 


44 





Soldering heat 


260°C, 10 sec 


44 





Solderability 


230°C. 5 sec 


44 





Mechanical 
Shock 


1500G, 0.5 msec 
3 times/X, Y, Z 


44 





Vibration 
Variable Freq. 


20 ~ 2000 Hz, 20G 
3 times/X, Y, Z 


44 





Constant 
Acceleration 


20000G 

1 min/X, Y, Z 


44 
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4. PRECAUTION 

4.1 Storage 

It is preferable to store semiconductor devices in the follow- 
ing ways to prevent detrioration in their electrical charac- 
teristics, solderability, and appearance, or breakage. 

(1) Store in an ambient temperature of 5 to 30°C, and in a 
relative humidity of 40 to 60%. 

(2) Store in a clean air environment, free from dust and active 
gas. 

(3) Store in a container which does not induce static electric- 
ity. 

(4) Store without any physical load. 

(5) If semiconductor devices are stored for a long time, store 
them in the unfabricated form. If their lead wires are 
formed beforehand, bent parts may corrode during storage. 

(6) If the chips are unsealed, store them in a cool, dry, dark, 
and dustless place. Assemble them within 5 days after un- 
packing. Storage in nitrogen gas is desirable. They can be 
stored for 20 days or less in dry nitrogen gas with a dew 
point at -30°C or lower. Unpacked devices must not be 
stored for over 3 months. 

(7) Take care not to allow condensation during storage due to 
rapid temperature changes. 

4.2 Transportation 

As With storage methods, general precautions for other 
electronic component parts are applicable to the transporta- 
tion of semiconductors, semiconductor-incorporating units 
and other similar systems. In addition, the following considera- 
tions must be given, too: 

(1) Use containers or jigs which will not induce static electric- 
ity as the result of vibration during transportation. It is 
desirable to use an electrically conductive container or 
aluminium foil. 

(2) In order to prevent device breakage from clothes-induced 
static electricity, workers should be properly grounded with 
a resistor while handling devices. The resistor of about 1 M 
ohm must be provided near the worker to protect from 
electric shock. 

(3) When transporting the printed circuit boards on which 
semiconductor devices are mounted, suitable preventive 
measures against static electricity induction must be taken; 
for example, voltage built-up is prevented by shorting 
terminal circuit. When a belt conveyor is used, prevent the 
conveyor belt from being electrically charged by applying 
some surface treatment. 

(4) When transporting semiconductor devices or printed circuit 
boards, minimize mechanical vibration and shock. 

4.3 Handling for Measurement 

Avoid static electricity, noise and surge-voltage when semi- 
conductor devices are measured. It is possible to prevent break- 
age by shorting their terminal circuits to equalize electrical 
potential during transportation. However, when the devices are 
to be measured or mounted, their terminals are left open to 
provide the possibility that they may be accidentally touched 
by a worker, measuring instrument, work bench, soldering iron, 
belt conveyor, etc. The device will fail if it touches something 
which leaks current or has a static charge. Take care not to- 
allow curve tracers, synchroscopes, pulse generators, D.C. 
stabilizing power supply units etc. to leak current through their 
terminals or housings. 

Especially, while the devices are being tested, take care not 



to apply surge voltage from the tester, to attach a clamping 
circuit to the tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 

During measurement, avoid miswiring and short-circuiting. 
When inspecting a printed circuit board, make sure that no 
soldering bridge or foreign matter exists before turning on the 
power switch. 

Since these precautions depend upon the types of semi- 
conductor devices, contact Hitachi for further details. 

4.4 Soldering 

Semiconductor devices should not be left at high tempera- 
tures for a long time. Regardless of the soldering method, 
soldering must be done in a short time and at the lowest pos- 
sible temperature. Soldering work must meet soldering heat test 
conditions, namely, 260°C for 10 seconds and 350**C for 3 
seconds at a point 1 to 1 .5 mm away from the end of the device 
package. 

Use of a strong alkali or acid flux may corrode the leads, 
deteriorating device characteristics. The recommended soldering 
iron is the type that is operated with a secondary voltage sup- 
plied by a transformer and grounded to protect from lead 
current. Solder the leads at the farthest point from the device 
package. 

4.5 Removing Residual Flux 

To ensure the reliability of electronic systems, residual flux 
must be removed from circuit boards. Detergent or ultrasonic 
cleaning is usually applied. If chloric detergent is used for the 
plastic molded devices, package corrosion may occur. Since 
cleaning over extended periods or at high temperatures will 
cause swollen chip coating due to solvent permeation, select the 
type of detergent and cleaning condition carefully. Lotus 
Solvent and Dyfron Solvent are recommended as a detergent. 
Do not use any trichloroethylene solvent. For ultrasonic clean- 
ing, the following conditions are advisable: 

• Frequency: 28 to 29 kHz (to avoid device resonation) 

• Ultrasonic output: 15W/fi 

• Keep the devices out of direct contact with the power 
generator. 

• Cleaning time: Less than 30 seconds 
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■ PROGRAM DEVELOPMENT AND SUPPORT SYSTEM 
OF 8 BIT/16-BIT MICROPROCESSOR 

H680SD200 is prepared as system development device to 
develop software and hardware of various types of microcom- 
puter system. 

Fig. 1 shows the program development procedure using this 
system development device. 



H680SD200 loads a universal OS, CP/M-68K® developed 
jointly wjUh Digital Research Inc. and operates with the exist- 
ing CP/M®. 

•CP/M®and CP/M-68K®are registered trademarks of Digital 
Research Inc. 




Assembler 

FORTRANx /Onlvfor\ 
Super PL/H/ \68000 / 
C Compiler for 
6301(6303) 
and 68000 



Relocatable 
Object Program 



EPROM 




WRITER 






Fig. 1 Program Development Procedure 
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Table 1 System Development Equipment SD200 



MPU 


Product Name 


Product Code 


Function 


Note 




CP/M-68K 


S680CPM3F 


• Single user Operating System 

• 68000 Assembler, C compiler, Screen editor and 
Linker are included 




- 


VAX~11 
Interface Program 


S680CLC3F 


• Interface Program between the SD200 and theVAX-11. 

• File transfer function. 

• VT52 Terminal Emulation. 


Option 


DATA I/O 
EPROM Programmer 
Interface Program 


S680CDI1F 


• Interface Program between the SD200 and the 
DATA I/O EPROM Programmer model 22/29. 




PKW-1 000/7000 
EPROM Programmer 
Interface Program 


S680CPK2F 


• Interface Program between the SD200 and the 
PKW-1000/7000 EPROM Programmer (Aval Corp. 
Japan). 




16-bit 
MPU 

HD68000 


FORTRAN 


S680CFR1F 


• FORTRAN Compiler. (Subset of FORTRAN??) 


Option 


Super PL/H 


S680CPL1F 


• Super PL/H Compiler. 


Option 


Symbolic Debugger 


S680CSD2F 


• Symbolic Debugger for programs written in 68000 
Assembler or Super PL/H. 


Option 


8 bit 

MPU/MCU 


64180ASE 


S180CAS1F 


• Realtime In-circuit Emulator for 64180. 


Supplied with 
H180AS01E 


6305/63L05/6805 
Macro Assembler 


S35XAS6-F 


• 6305Z/63L05/6805 Macro Assembler. 

• Linkage editor is included. 


Option 


6301/6801/6800 
Macro Assembler 


S31XAS6-F 


• 6301/6801/6800 Macro Assembler. 

• Linkage editor is mcluded. 


Option 


6301 

C Compiler 


S31CCLN-F 


• C Compiler for 6301(6303). 


Option 
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Table 2 Cross System 



MPU 


Machine 


OS 


Product Name 


Product Code 


Function 






ISIS-II 


6305/63L05/6805 
Assembler 


S35MDS1-F 


* 6305/63L05/6805 Assembler. 

* Object code is absolute address format. 

* Conditional assemble function. 




Intel 
MDS 


CP/M 


6305/63L05/6805 
Assembler 


S35MDS2-F 


• 6305/63L05/6805 Assembler. 

• Object code is absolute address format. 

• Conditional assemble function. 


8 bit MCU 


ISIS-II 


6301 Assembler 


S31MDS1-F 


• 6301/6801 Assembler. 

• Object code is absolute address format. 

• Conditional Assemble function. 






PP/M 


o<3U 1 MSsemDier 




• 6301/6801 Assembler. 

• OKioo'f r*f>rlo ic aKcnIii'to aHrlrocc f/%rmat 

v/ujcci uuuv 19 dusuiuic duviicsa Tuririai. 

• Conditional Assemble function. 




IBM-PC 


PC-DOS 


6301 

Macro Assembler 


S31IAS1-F* 


• 6301 Macro Assembler. 

* Linkage Editor is included. 




6305 

Macro Assembler 


S35IAS1F* 


• 6305 Macro Assembler. 
- Linkage Editor is included. 
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Table 3 Third Parties' Products 

Assemblers for HITACHFs microcomputers are provided by products listed below. Please contact those venders directly if 
the other companies. Hitachi introduce some venders and their you have questions or requests to purchase these products. 



Vender Name 


Product Name 


OS/System 


Product Code 


MICROTEC 

505W Olive, Suite 325 
Sunnyvale, CA94086 
(408)733-2919 U.S.A. 


6301 Assembler 


VAX 11 


ASM68 


6305 Assembler 


ASM05 


6809 Assembler 


ASM69 


68000 Assembler 


ASM68K 


64180 Assembler 


ASM 180 


64180 Simulator 


INT180 


64180 C 


MCC180 


64180 Pascal 


PAS180 


6301 Assembler 


IBM-PC 


ASM68 


6305 Assembler 


ASM05 


64180 Assembler 


ASM 180 


64180 C 


MCC180 


64180 Pascal 


PAS180 


CAME LOT 

79 London Road 
Knebworth Herts, 
SG3 6HG, 
England 

Stevenage (0438)812215 


6301 Assembler 


IBM-PC 




6305 Assembler 




AVOCET SYSTEMS, INC. 

804 South State St. 
Dover, DEI 9901 
(302)734-0151 
U.S.A. 


6800/6801/6301 
Assembler 


MS-DOS, ^^;jj.86 


XASM-68 


6805 Assembler 


MS-DOS, ^P/JJ.3g 


XASM-05 


6309/6809 
Assembler 


MS-DOS, ^p^/M 3, 


XASM-09 


64180 Assembler 


MS-DOS, ^^;M 


XASM-180 


MICROWARE SYSTEMS CORPORA- 
TION 

5835 Grand Avenue 
Dos Moines, IA50312 
(512)279-8844 U.S.A. 


6309/6809 
Assembler 


OS-9 




68000/68HC000 
Assembler 


OS-9 


KCRS 



*Under development 



38 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



Program Development and Support System 



■ Development System for 4-Bit 8-Bit and 16-Bit 
Microcomputers <H680SD200> 

The H680SD200 is a development system for Hitachi 4-bit, 
8-bit and 16-bit microcomputers. It is a desktop system in 
which a 16-bit microprocessor HD68000 is loaded as the CPU. 
Its standard system configuration includes a CRT, a keyboard, 
and two floppy disk drives. An assembler, compiler, and in- 
circuit emulator (ASE) associated with the user's MCU are 
available as options. 

APPLICABLE DEVICES 

• HMCS400 series 

• HD6305U. HD6305V 

• HD6301V, HD6301X, HD6301Y 

• HD64180 

• HD68000, HD68HC000 

(Other 4-bit and 8-bit microcomputers will be supported in the 
future ) 

■ FEATURES 

• Adopts general CP/M-68K® operating system 

• Two internal 8 inch floppy disk drives (double-sided, double- 
density) and a 40M byte hard disk (available as an option) 
make it possible to provide substantial external memory. 

• Since CRT editor (screen editor) is included in the standard 
system, efficient programming, editing, and debugging of 
source programs are possible. 

• C compiler for HD68000 is included. FORTRAN and Super 
PL/H for HD68000 and C Compiler for HD6301 (HD6303) 
are available as options. 

• User prototype system can easily be debugged using incircuit 
emulator (ASE) associated with the user's MCU. 

• With connection of VAX-11® to RS-232C interface, 
H680SD200 operates as VAX-11® (OS, VMS) work station. 

• When 2M byte memory board is connected, high-speed 
operation can be realized. 

• Following interface are included 

(1) E PROM programmer 

(2) Printer (Centronics specification) 

(3) Serial interface emulator for 4-bit and 8-bit single chip 
microcomputers 

•CP/M® Is a registered trade mark of Digital Research Inc. 
**VAX-1 1® is a registered trade mark of Digital Equipment Corp. 



HD64180 THIRD-PARTY DEVELOPMENT TOOLS 



Product: Cross-Assemblers and Cross-Compilers 

CCOMP 



Company 


ASM 


S/WS 


American Automation 


V/l 


v/l 


{714-731-1661) 






Microtec Research 


V/l 


v/l 


(408-733-2919) 






Avocet Systems 


C/l 


c/l 


(800-448-8500) 






2500AO Software 


C/l 




(303-369-5001) 






BSO 


V 


V 


(617-894-7800) 






Sumitronics 


V 




(408-737-7683) 






SLR Systems 


c 




(800-833-3061) 






Uniware/SDS 


V 




(312-971-8170) 






Softaid 






(800-433-8812) 






Allen Ashley 


1 




(818-793-5748) 







PASCAL BASIC 



(I = IBM-PC. V = VAX. C = CP/M) 

Product: Support Tools 

Company Product Description 



Electronic Molding 

(401-769-3800) 
Robinson Nugent 

(812-945-0211) 
Yamaiche/Nepenthe 

(415-856-9332) 
Methode Electronics 

(312-392-3500) 
TSI. Inc 

(800-874-2288) 
Micromint 

(800-635-3355) 



Shrink-DIP Adapter for Breadboarding 

P/N 28764-72-341 
Shrink-OIP Socket 

P/N TSS-6475-TNG 
Shrink-DIP Socket P/N IC 38-64075-G4 
S-D Test Socket P/N IC 76-64075-G4 
PLCC Adapter for Hitachi's ASE 

64180 IBM-PC Card with DSD80 Remote 

Software Debugger 
64180 Evaluation Board 

P/N SB 180 



Product: Operating Systems 

Company Type of Operating System 



Echelon 

(415-948-3820) 
JMI Software 

(215-628-0840) 
Decmation 

(408-980-1678) 
Hunter & Ready 

(415-326-2950) 
IPI 

(516-938-6600) 



ZCPR3 (CP/M) 

C Executive/80 Multi-Tasking Kernel 
Quick-Task Realtime Executive 
VRTX/80 Multi-Tasking Kernel (Z80) 
MTOS/80 Multi-Tasking Kernel (Z80) 



HITACHI ORDERING INFORMATION 



Description 




Adaptive System Evaluator, ASE-il 
256K Byte Emulation Memory Board (Option) 
8 MHz Buffer Box for ASE-I User, 
Includes V2.0 System Software 
PLCC-68 MPU Adapter for 1 Mbyte 
Addressing (Option) 
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Description 


HD6303R 


HD6303X 


HD6303Y 


HO6305X2 


HD64180R 


HD64180S 




Emuiotor 


HS31VEML04H(1) 
(H31MIX4)(2) 


HS31XEML02H(1) 
(H31MIX2)(2) 


HS31YEML03H(1) 
(H31MIX3)(2) 


HD35YEML05H(1) 
(H35MIX5)(2) 


HD180ABX02HW 


HS180ABX05H('*) 




ASE (Adaptive System Emulator) 










HS180AST01H 


HS180AST01H 


H 


User Cable 










HS180ACUC1H 




A 
R 

D 


Emulation Memory 
Board up to 64K Byte 




nuHu ivi o\j£. 










W 


Emulation Memory Board 










H880SM01S(6) 


H680SM01S{6) 


/\ 
R 


Evaluation Board 












US180EVB01H 


E 


Programming Socket Adapter 






HS31YESS11H 










Programming Socket Adapter 
















Programming Socket Adapter 














SOFTWARE 


Cross Assembler (IBM-PC) 


S31IBMPC(3) 


S31IBMPC(3) 


S31IBMPC(3) 


S35IBMPC(3) 






C Compiler (IBM-PC) 


US31PCU1SF 


US31PCLI1SF 


US31PCLI1SF 








L 

T 
E 
R 


Data Sheet 


M21T006 
Me. I 1 IvJfd 


M21T006 


M21T006 


M21T006 


M21T132 


M21T132 


Hand Book 


M21T019(5) 


M21T019(5) 


M21T019(5) 


M21T020(5) 






A 
T 


Specification Sheet 










M21T011 


M21T013 


U 
R 


Hardware Manual 










M21T053 


M21T053 


E 


Product Brief 










M21T025 
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HD641180X 
HD643ioOX 
HD647180X 




nL>o4ol ou w 




nUDoni^uuu 


uneannn* * 








HS180ABX04H(4) 


HS180ABX03HW 












HG1EVT2(1) 




HS180AST01H 


HS180AST01H 


















HS180ACUC1M 






























nD4cMB01 




H680SM01S(6) 


H680SM01S(7) 


































HS18XESF01H 
HS18XESC01H 


















HS18XESS01H 


















HS18XESG01H 






















































md\ i \od 


md\ 1 tod 






M21T132 
M22T003 


M21T132 
M22T003 


mc \ 1 lOC 


M21T006 
M21T132 


M^l 1 IOC. 




















M21T012 


M21T011 
















M21T113 


M21T053 
















M21T026 


M21T025 

















(Note) 1 . Emulator includes an RS-232 port for connection to IBM PC or PC compatible machines. Software not included. 

2. Same as footnote (1) above, but shipped with cross assembler (8" floppy disk) that operates with Hitachi's H68SD5 development system. 

3. Developed by one of Hitachi's engineering subsidiaries Cross assembler include software utility to download/upload code between PC host 
and emulator 

4. Must be used with ASE station (P/N: HS180AST01H) 

5. Includes user's manual, hardware and software application notes, and other relevant information 

6. 64K bytes user memory is provided in standard configuration. Can be expanded up to 512K bytes. Maximum of two 256K byte memory 
boards can be installed (optional). 

*Contact Marketing. 
* 'Refers to third-party support tools. 
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C Compiler 




Typical Support Tools for HD6303/05 Series 



■ SINGLE-CHIP MICROCOMPUTER SUPPORT SYSTEMS 

Hitachi and its engineering subsidiaries make hardware and soft 
ware support tools to operate with many popular host computers and 
expedite the development of the microcomputer-based target sys- 
tem. The support system includes in-circuit emulators, cross assem- 
blers, passive socket adapters for easily progranuiimg HPROM on- 
chip devices, and documentation. 

In addition to hardware and software support, Hitachi has Field 
Application Engineers (PAE) to help identify the most cost-effective 
IC(s) for your application and answer your technical questions 



• Real-time tracing is possible on most emulators, the emulator 
stores and displays bus data and external signals lor up to 1011 
machine cycles on some emulators, oi 2035 machine cycles on 
other emulators before and after the address where a breakpoint 
IS set 

• Line assembler and di^assembiei on some emulators 
^Functions listed in the overview may not exactly apply to all emula- 
tors Retei to the applicable emulator u&er's manual for further 
information 
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IN-CIRCUIT EMULATOR FUNCTIONS FOR HD6303/05 Series* 

Serial interface connection to many hoht computers via RS-232(? 
port. 

Executes user's program in leal-time on some emulators, or 
when loaded in emulator's memory starting from a selected ad- 
dress. Execution is interrupted when breakpoints are detected, or 
when RESET or ABORT is switched 

Single step tracing of user's program is possible. Data in registers 
and data in memory are displayed after every execution 
Breakpoints can be set in user's program by using the program 
counter address, data bus. or external signal probes Breakpoints 
can be displayed and changed. 

Data in internal registers of the subject microcomputer can be 
displayed or changed 

HITACHI 

• 2000 Sierra Point Pkwy • 



CROSS ASSEMBLER FUNCTIONS (PC-DOS) 

The software is divided mto six main parts. 
Structured Relocatable Cross Macro Assembler 
The cross assembler is designed to meet the specification outlined 
in Hitachi's HD6303 and HD6305 assembler user's manual, 
which means that mnemonic, macro and directive compatibility 
IS maintained 

The assembler also offers a structured code facility, similar to 
that found in some high level languages The mam structured 
features are listed below 

IF . . THEN . ELSE . . DO , WHILE . . . REPEAT . . 
UNTIL . . FOR . . TO 
CALL (with parameters passed on the stack) 
Linker 

The linker concatenates and locates all relocatable modules into 
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Device Availability 



an executable object file (Motorola S-type format). Start ad- 
dresses of relocatable program and data sections can be entered at 
linkage time 

• Macro Librarian 

Named libraries of useful macros can be built by the user, saving 
lime during generation of source code. The macro librarian is 
searched during assembly time for the appropriate macro defini- 
tions that do not appear in the source file 

• Object Module Librarian 

Named libraries of useful object modules can be built by the user. 
The libraries called up at linkage time are searched by the linker 
to see if unsatisfied external references can be resolved. Object 
modules which satisfy the unresolved references are automati- 
cally included in the executable object file (S-record format). 

• Emulator Interface Software 

The interface software allows connection between Hitachi's seri- 
ally linked emulators and the IBM PC using an RS232 asyn- 
chronous interface. 

Commands from the PC keyboard are directed to the emulator 
and responses are displayed on the screen. File upload and 
download m Motorola S-type format enables assembled and 
linked programs to be run on the emulator. Real time trace facili- 
ties are available on all serial linked emulators. 

• EPROM Programmer Interface Software 

The interface software allows connection to most proprietary 
EPROM Programmers for downloading (or uploading) execut- 
able object modules in Motorola S-type* data format. The pro- 
grammers can be run either m REMOTE CONTROL or LOCAL 
mode. 

In local mode, programmer commands can be entered on the 
programmer keyboard and upload/download of object modules 
can be activated using the IBM PC keyboard. 

In remote control mode, all programmer commands are en- 
tered via the IBM PC keyboard 

All programmer commands will be specific to the particular 
programmer used. 

■ C COMPILER FUNCTIONS (PC-DOS) 

The HD6303 and HD6305** compiler comprises three pro- 
grams, a pre-processor, the main compiler and an optimiser. The 
system also provides standard library files (which facilitates I/O 
and floating point operations), the standard "include" files 
which contain the necessary declarations for the usage of library 
function. Runtime object files for integer and floating point 
arithmetic are included. Compatible with Hitachi and Microtec 
Research*** assemblers. 

• Compiler Options 

The following tables indicate the options available during pre- 
processing and compiling. 



Table 1. Pre-processor Options 



No. 


Option 


Description 


1 


A 


Issues error messages to the pre-processor 
source program tile 


2 


D 


Defines a macro name 


3 


L 


Inserts the original source program lines 
into the pre-processed source program as 
comments 


Table 2. Compiler Options 


No. 


Option 


Description 


1 


P 


Generates object code which calls a 
profiler routine (a routine which profiles 
the history of the program execution) 
every time a function is called (see 
Note 1). 


3 


L 


Generates object code which calls a stack 
check routine everytime a function is 
called (see Note 1) 



Note 1: The profiler routine and the stack check routine 
should be prepared in a separate module for your own target 
system. 



• Limits in Compilation 

(1) Length of an input line 512 characters 

(2) Length of a character string. 510 characters 

(3) Number of external names 156 

(4) Effective length of identifiers. 8 characters 

(5) Effective length of external identifiers 6 

(6) Nest of conditional complication 32 level 

(7) Nesting of file inclusion. 14 level 

(8) Number of macro parameters. 32 

(9) Length of a macro definition. 512 characters 
(10) Recursive expansion of a macro name: 32 times 

• Data Size 

(1) Char type: 8 bit 

(2) Short type, int type. 16 bit 

(3) Long type: 32 bit 

(4) Float type: 32 bit 

(5) Double type: 64 bit 

(6) Pointer type: 16 bit 

No data alignment is done in allocation of structured data 



♦Motorola S-type is a trademark of Motorola, Inc. 
♦Conforms to Kerninghan and Ritchie C programming 

language standard rather than ANSI C programming language 

standard. 

•♦Microtec Research is a trademark of Microtec Research, Inc. 
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(3) Character Handling Library Functions 

isalnum, isalpha, issascii, iscntl, isdigit, islower, isprint, 
ispunct, isspace, isupper, tolower, toupper. 

(4) Character String Handling Library Functions 
index, rindex, strcat, strcmp, strcpy, strlen, strncat, 
strncopy 

(5) Data Conversion Library Function 
atoi, atol 

(6) Memory Allocation Library Functions (see Note 2) 
malloc, calloc, free, cfree 

(7) Miscellaneous Library Functions 

NOTE 2: To use the I/O library functions and Memory 
allocation library functions, low level routines must be 
prepared by the user according to the target system 
requirements. 



6303 C Program 

- ^ 



}6303 Standard Libraiy | 



I 6303 C Compiler | j ns^iw i iisi 

6303 Assembly Program j 
i 

I 6303 Assembler | | — r; — rr-r — : 

L J { Ihcr I/O Roiiime 



-I [g03 Reloc^ble Object \ 



te Object j 



I IN-CIRCUIT EMULATOR FOR HD64180 SERIES 

Hitachi's hardware emulator consists of the Adaptive System Emula- 
tor (ASE) plus emulator box for the corresponding microprocessor. 
The emulator supports hardware and software development when 
connected to a Vax-II, IBM -PC, or PC compatible host machine. 

I ASE FEATURES 

• Serial connection to host computer, or console via RS-232C port 
allows loading, saving, and verifying of user programs. 

• Object formats- Intel HEX; and Motorola S. 

• Connects to Centronics printer. 

• Includes 3.5 inch floppy disk drive. 



I EMULATOR BOX FEATURES 

• Executes program in realtime from 0.5 MHz to 8 MHz for all 
emulators except HS180 ABX05H which executes in realtime 
from 0.5 MHz to 10 MHz. 

• Memory: 

—Includes 64-kbyte user memory 

—Expandable to 512 kbytes with an optional memory board (up to 
6 MHz without wait states) 

I EMULATOR BOX FUNCTIONS 

• Executes user's program loaded in emulator's memory: 
—Realtime 

—Single step 

• Breaks on combination of specified number of the following 
conditions: 

—Program counter (logical or physical address) 
—Access to specified memory area 
— DMAC transfer request or completion 
—Eight external probe signals 

• Up to 255 software breakpoints on RAM area 

• Multi-break function: In multi-MPU system using several ASEs, 
an ASE break acts as a trigger which causes other ASEs to break. 
(HS180ABX05H). 

• Sequential break: Analyzes order m which up to 4 software break- 
points were passed (HS180ABX04H/05H). 

• Realtime tracing. 

—Stores or displays bus information, external signal, or I/O sig- 
nals for up to 2048 machine cycles 

—Traces by bus cycle or 125 ns after user program execution stops 
at breakpoint 

—Trace starting or extracting condition can be specified 

• Pseudo-I/O emulation function (HS180ABX04H/05H) 

• Disassembler 

• Line assembler 

• Symbolic debugger 

• Execution time measurement 

• Displays, sets, changes, or transfers data m memory 
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8/16'BIT MICROPROCESSOR DATA BOOK 

DATA SHEETS 



Section Two 



HD6300, HD6800 
8-Bit 

Microcomputer Family 



HITACHI 



H D6303R, H D63A03R, 

HD63B03R 

CMOS MPU (Micro Processing Unit) 



The HD6303R is an 8-bit CMOS micro processing unit 
which has the completely compatible instruction set with the 
HD6301V1 128 bytes RAM, Serial Communication Interface 
(SCI), parallel I/O ports and multi function timer are incorpora- 
ted in the HD6303R It is bus compatible with HMCS6800 and 
can be expanded up to 65k bytes Like the HMCS6800 family, 
I/O level is TTL compatible with +5 OV single power supply 
As the HD6303R is CMOS MPU, power dissipation is extremely 
low And also H[)6303R has Sleep Mode and Stand-by Mode 
as lower power dissipation mode. Therefore, flexible low power 
consumption application is possible, 

■ FEATURES 

• Object Code Upward Compatible with the HD6800, HD6801 , 
HD6802 

• Multiplexed Bus {Do/Ao~D7/A7 Ag^Au ), Non Multiplexed 
Bus (Do~D7, Ao^Ais) 

• Abundant On-Chip Functions Compatible with the 
HD6301V1; 128 Bytes RAM, 13 Parallel I/O Lines, 16-bit 
Timer. Serial Communication Interface (SCI) 

• Low Power Consumption Mode, Sleep Mode, Stand By Mode 

• Minimum Instruction Execution Time 

l/is (f=1MHz), 0.67/is (f=1 5MHz), 0.5/is (f=2.0MHz) 

• Bit Manipulation, Bit Test Instruction 

• Error Detecting Function, Address Trap, Op Code Trap 

• Up to 65k Bytes Address Space 

• Wide Operation Range 

Vcc = 3to 6V (f = 1 -0.5 MHz) 
f = 0.1 to 2.0 MHz (Vcc = 5V ± 10%) 

■ TYPE OF PRODUCTS 



Type No. 


Bus Timing 


HD6303R 


1.0 MHz 


HD63A03R 


1.5 MHz 


HD63B03R 


2.0 MHz 



■ PROGRAM DEVELOPMENT SUPPORT TOOLS 

• Cross assembler and C compiler software for IBM PCs and 
compatibles 

• In circuit emulator for use with IBM PCs and compatibles 



HD6303RP, HD63A03RP, 
HD63B03RP 




(DP-40) 



HD6303RF. HD63A03RF, 
HD63B03RF 




{FP-54) 



HD6303RCG,HD63A03RCG, 
HD63B03RCG 



(CG-40) 



HD6303RCP, HD63A03RCP 
HD63B03RCP 




(CP-52) 



HD6303RL, HD63A03RL 
HD63B03RL 



(CP-44) 
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HD6303R, HD63A03R, HD63B03R 



PIN ARRANGEMENT 

HD6303RP, HD63A03RP, 
HO63B03RP 





if) c 


XTAtCT ^ 


S AS 














RES [s] 


g /A 








j3 o./a. 




9 Ds'Aj 




D,/A, 




g D7/A, 




a A. 


Ao/P.o(l3 












A,/P„Q6 


Ei 


A«/p,«[T7 


?4l A, 3 


A, /P,»(i8 




A«/P<.{T| 


a A., 


Aj/P,,|M 


a Vcc 



• HD6303RF.HD63A03RF, 
HO63B03RF 



• HD6303RCG. HD63A03RCG, 
HD63B03RCG 



REBE 



<NC> ( 
<NC> 

RI5 [ 
STSy [ 

<Nc> r 



<NC> { 
<NC> { 
Ao/P-o 
A,/P,, 
A,/P,j 
<NC> [ 

A3/P,3 



HBlsiisiy 




(Top View) 



(Top View) 



(Top View) 



• HD6303RCP, HD63A03RCP, 
HD63B03RCP 



• HD 6303RL, HD63A03RL 
HD63B03RL 



NC d 

STBY 03 
P20 01 
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NC 
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HD6303R, HD63A03R, HD63B03R 



■ BLOCK DIAGRAM 



Do Ao* H 
D,/A,^- 
D2/A2- 
Da/Aa* 

D4/A4^ 

D5/A5-- 
De/Ae* 

D7/A7*~ 

R/W 
AS 



Address 

Data 

Buffers 



Ag . 
A9 . 

A,o- 
An . 
A, 2, 
Au^ 

Al4^ 
A,5- 



Address 
Buffers 




Port 
1 

















Pio/Ao 
Pn /Ai 
P12/A2 
Pn/A3 

Pl4/A« 

P15/A5 

Pl«/A6 

P17/A7 



HITACHI 

Hitachi America, Ltd • Hitachi Plaza • 2000 Sierra Point Pkwy • Brisbane, CA 94005-1819 • (415) 589-8300 



49 



HD6303R, HD63A03R, HD63B03R 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 ~ +7.0 


V 


Input Voltage 


V,n 


-0.3 - Vcc +0.3 


V 


Operating Temperature 




0~ +70 


''C 


Storage Temperature 




-55 ~+150 





(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply over^voltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend V,n, Vq^i ■ Vss ^ o"" Vout) ^ ^CC- 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vqc = 5.0V±10%, Vss = OV, Ta = 0~+70°C. unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




rIs.sTby 






Vcc-0.5 








Input "High" Voltage 


EXTAL 


V.H 




VccxO.7 




Vcc 

+0.3 


V 




Other Inputs 






2.0 






Input "Low" Voltage 


All Inputs 


V.L 




-0.3 




0.8 


V 


Input Leakage Current 


NMI, IRQ,, RES. STBY 


ll.nl 


V,„ =0.5~Vcc-0.5V 






1.0 


/iA 


Three State (off -state) 
Leakage Current 


Do'^D7, A8~Ais 


IItsiI 


V,„ =0.5- Vcc -0.5 V 






1.0 


ma 


Output "High" Voltage 


All Outputs 


VOH 


loH = -200mA 


2.4 






V 


loH =-10iLtA 


Vcc-0.7 






V 


Output "Low" Voltage 


All Outputs 


Vol 


loL = 1.6mA 






0.55 


V 


Input Capacitance 


All Inputs 


C,n 


V,n = OV, f=1.0MH2. 

Ta= 25°C 






12.5 


pF 








V.lISTbY) =0~0.6V 










Standby Current 


Non Operation 


'cc 


V,H (RE5) = Vcc 

-0.5~VccV 
V,L (RES)^0~0.6V 




2.0 


15.0 


ma 








Operating (f=1 MHz**) 




6.0 


10.0 


mA 


Current Dissipation* 




'cc 


Sleeping (f=lMHz**) 




1.0 


2.0 


RAM Stand-By Voltage 


Vram 




2.0 






V 



• V,H nnm = Vcc-l OV, V|l max = 0.8V 
Current Dissipation of the operating or sleeping condition is proportional to the operating frequency So t 
values about Current Dissipations at f = x MHz operation are decided according to the following formula, 
typ value (f = x MHz) = typ. value (f = 1MHz)xx 
max. value (f =xMHz) = max. value (f = 1MHz) xx 

(both the sleeping and operating) 
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• AC CHARACTERISTICS (Vcc = 5.0V±10%, Vgs = OV, Ta = 0~+70'^C, unless otherwise noted.) 



BUS TIMING 



Item 


Symbol 


Test 
Con- 


HD6303R 


HD63A03R 


HD63B03R 


Unit 




typ 






typ 






typ 




Cycle Time 


tcyc 




1 




10 


0.666 




10 


0.5 




10 


\x% 


r^UUiCas OllULX; ■ Ulac VVIUliI ^ 

"High" 


PWash 










1 50 






1 in 
1 lU 






ns 


Address Strobe Rise Time 


^ASr 




- 


- 


20 


- 


- 


"20^ 


- 


- 


20 


ns 


Address Strobe Fall Time 


^ASf 




- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Address Strobe Delay Time * 


Wd 




60 






40 




- 


20 


- 


- 


ns 


Enable Rise Time 


tEr 




- 


- 


20 


- 


- 


20 


- 




20 


ns 


Enable Fall Time 


tEf 




- 


- 


20 


- 


- 


20 


- 


- 


20 


ns 


Enable Pulse Width "High" Level* 


PWeh 




450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Enable Pulse Width "Low" Level* 


PWel 




450 


- 


- 


300 


- 


- 


220 


- 


- 


ns 


Address Strobe to Enable Delay* 
Time 


^ASED 




60 


_ 


_ 


40 


_ 


_ 


20 


_ 


_ 


ns 


Address Delay Time 


tADI 










/ou 







1 on 

1 9U 






1 Rn 


ns 


^AD2 


Fig. 1 






250 




~£ - 


190 






160 


ns 


Address Delay Time for Latch* 


^ADL 


Fig. 2 


- 




250 






190 






160 


ns 


Data Set-up Time 


Write 


^DSW 




230 


- 


- 


150 


_ 


- 


100 


- 


— 


ns 


Read 


^DSR 




80 


— 


— 


60 


— 


— 


50 






ns 


Data Hold Time 


Read 


tHR 























- 




Write 


^HW 




20 






20 






20 








Address Set-up Time for Latch * 


•■ASL 




60 






40 1 






20 






ns 


Address Hold Time for Latch 


^AHL 




30 






20 






20 






ns 


Address Hold Time 


tAH 




20 






20 






20 






ns 


Ao ~ A7 Set-up Time Before E* 


tASM 




200 






110 






60 






ns 


Peripheral Read 
Access Time 


Non-Multiplexed 
Bus 


(tACCN ) 








650 






395 






270 


ns 


Multiplexed Bus* 


(tACCMi 








650 






395 






270 


ns 


Oscillator stabilization Time 




Fig. 8 


20 






20 






20 






ms 


Processor Control Set-up Time 


tpcs 


Fig. 9 


200 






200 






200 






ns 



•These timings change in approximate proportion to tcyC' The figures in this characteristics represent those when tcyc "S minimum 
(= in the highest speed operation) 



PERIPHERAL PORT TIMING 



Item 


Symbol 


Test 
Con- 
dition 


HD6303R 


HD63A03R 


HD63B03R 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Peripheral Data 
Set-up Time 


Port 1,2 


tpDSU 


Fig. 3 


200 






200 






200 






ns 


Peripheral Data 
Hold Time 


Port 1,2 


^PDH 


Fig. 3 


200 






200 






200 






ns 


Delay Time, Enable Nega- 
tive Transition to Peri- 
pheral Data Valid 


Porti, 
f 




Fig. 4 






300 






300 






300 


ns 



• Except Pji 
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TIMER, SCI TIMING 



Item 


Symbol 


Test 
Con- 
dition 


HD6303R 


HD63A03R 


HD63B03R 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Timer Input Pulse Width 


Wt 




2.0 






2.0 






2.0 






^eyc 


Delay Time, Enable Positive 
Transition to Timer Out 


Woo 


Fig. 5 






400 






400 






400 


ns 


SCI Input Clock Cycle 


^Scyc 




2.0 






2.0 






2.0 






tcyc 


SCI Input Clock Pulse Width 


^PWSCK 




0.4 




0.6 


0.4 




0.6 


0.4 




0.6 


tscyc 


MODE PROGRAMMING 


Item 


Symbol 


Test 
Con- 
dition 


HD6303R 


HD63A03R 


HD63B03R 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


RES "Low" Pulse Width 


PWrstl 




3 






3 






3 






tcyc 


Mode Programming Set-up Time 


tMPS 


Fig. 6 


2 






2 






2 






tcyc 


Mode Programmmg Hold Time 


*MPH 




150 






150 






150 






ns 



Address Strobe 
(AS) 



Enable 



R/W, A,~A„ 



MPU Wfne 
Do'"0,.Ao~A, 



MPU R«ad 

0,-0,, A,-A, 




Figure 1 Multiplexed Bus Tim 
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2 4V 

0.8V. 



Figure 2 Non-Multiplexed Bus Timing 



Not Valid 



r 



Voj 



\ r 



••2 0V 
r-OBV 



All Data 
Port Cutputi 



Figure 3 Port Data Set-up and Hold Times 
(MPU Read) 



Note) Port 2: Except P,, 

Figure 4 Port Data Delay Times 
(MPU Write) 




Figures Timer Output Timing Figure 6 Mode Programming Timing 
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vcc 



Rl = 2.2kn 

{A.Okn forE) 




C = 90pF for AS, R/W, Do/Ao ~ D./A7, and AS 
= 30pF for P20 ~ P24 and Ao/Pio ~ A7/P17 
= 40pF for E 

R = 12kQ 



Figure 7 Bus Timing Test Loads (TTL Load) 




Op Code Op Code FFFF SP SP 1 SP 2 SP 3 SP 4 SP 5 SP 6 Vector Vector New PC 
Address Address + 1 MSB LSB Address 

Address Address 



DCIDC 



zx. x , . i X . I , XI , X — ~— X I -X , X X p cr . )C— x ..xz 

)de Operand Irrelevant PCD ~ PC8 1X0 1X8 ACCA ACCB CCR Vector Vector First Inst of 
Op Code PC 16 ^^-f ij^^g MSB LSB Interrupt Routin e 



Figures Interrupt Sequence 



»~LriJi.rLnTiJTJ~LrLaru 



»_n-rLn 



f 

J'O.SV 



'1 



V A A A A ^ ) A 




Figure 9 Reset Timing 



■ FUNCTIONAL PIN DESCRIPTION 

• Vcc.Vss 

These two pms are used for power supply and GND. 
Recommended power supply voltage is 5V ± 10%.. 3. to 6V can 
be used for low speed operation (100 ~ 500 kHz). 

• XTAL, EXTAL 

These two pins are connected with parallel resonant funda- 



mental crystal, AT cut. For instance, in order to obtain the 
system clock IMHz, a 4MHz resonant fundamental crystal is 
used because the devide-by-4 circuitry is included. An example 
of the crystal interface is shown in Fig. 10. EXTAL accepts 
an external clock input of duty 45% to 55% to drive. For 
external clock, XTAL pin should be open. The crystal and 
capacitors should be mounted as close as possible to the pins. 
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AT Cut Parallel Resonance Crystal 
Co = 7 pF max 



= 60 n max 



XTAL 



1 



Cli " '10-22pF • 20% 
(3 2- 8MHz) 



Figure 10 Crystal Interface 

• Standby (STBY) 

This pin IS used to place the MPU in the standby mode 
If this goes to "Low" level, the oscillation stops, the internal 
clock IS tied to V^s or Wqq and the MPU is reset. In ordei to 
retain information in RAM during standby, write "0" into RAM 
enable bit (RAME) RAME is bit 6 of the RAM Control Register 
at address $0014 This disables the RAM, so the contents of 
RAM is guaranteed For details of the standby mode, see the 
Standby section 

• Reset (RES) 

This input is used to reset the MPU. T^ES must be held 
"Low" for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports are uncertain, because MPU can not be reset 
without clock. To reset the MPU duung system operation, it 
must be held "Low" for at least 3 system clock cycles From 
the third cycle, all address buses become "high-impedance" 
and It continues while RES is "Low" If RES goes to "High", 
CPU does the following. 

(1) I/O Port 2 bits 2,1 ,0 are latched into bits PC2, PCI , PCO of 
program control register. 

(2) The contents of the two Start Addresses, $FFFE, $FFFF 
are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set In order to have the CPU 
recognize the maskable interrupts FRQ, and IRO2, clear it 
before those are used 

• Enable (E) 

This output pin suppbes system clock. Output is a smgle- 
phase, TTL compatible and 1/4 the crystal oscillation frequen- 
cy. It will drive two LS TTL load and 40pF capacitance 

• Non Maskable Interrupt (NMT) 

When the falling edge of the input signal of this pin is re- 
cognized, NMI sequence starts. The current instruction is con- 
tinued to complete, even if NMI signal is detected. Interrupt 
mask bit in Condition Code Register has no effect on NMI 
detection. In response to NMI interrupt, the information of 
Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack On completion of this 
sequence, vectoring address SFFFC and SFFFD are generated 
to load the contents to the program counter. Then the CPU 
branch to a non maskable interrupt service routine 



• Interrupt Request (IRQi ) 

Tins level sensitive input requests a maskable interrupt 
sequence. When fl^i goes to "Low", the CPU waits until it 
completes the current instruction that is being executed. Then, 
if the mterrupt mask bit m Condition Code Register is not set, 
CPU begins interrupt sequence, otherwise, interrupt request 
IS neglected 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulator, Condition Code Register 

are stored on the stack Then the CPU sets the interrupt mask 
bit so that no further maskable interrupts may be responded 

Table 1 Interrupt Vectoring memory rrwp 



Highest 

Priontv 



Lowest 

Priontv 



Vector 


Interrupt 


MSB 


LSB 


FFFE 


FFFF 




FFEE 


FFEF 


TRAP 


FFFC 


FFFD 


frni 


FFFA 


FFF8 


Softwart Interrupt <SWI) 


FFF8 


FFF9 


tfiS, (or iS3) 


FFF6 


FFF7 


ICF (Timer Irtput Capture) 


FFF4 


FFF5 


OCF (T imer Output Compere 


FFF2 


FFF3 


TOF (Timer Overflow) 


FFFO 


FFF1 


SCI (RORF ♦ ORFE ♦ TORE) 



At the end of the cycle, the CPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
loads the contents to the Program Counter, then branch to an 
interrupt service routine. 

The Internal Interrupt will generate signal (IRQ2) which is 
quite the same as IRQi except that it will use the vector address 
$FFFO to$FFF7 

When IRQ, and rRQ2 are generated at the same time, the 
former precedes the lattei Interrupt Mask Bit m the condition 
code register, if being set, will keep the both interrupts off. 

On occurrence of Address error or Op-code error, TRAP 
interrupt is mvoked This mternipt has priority next to RES. 
Regardless of the interrupt Mask Bit condition, the CPU will 
start an interrupt sequence The vector for this interrupt will be 
SFFEE, SFFEF 

• Read/Write (R/W) 

This TTL compatible output signals peripheral and memory 
devices whether CPU is in Read ("High"), or in Write ("Low"). 
The normal stand-by state is Read ("High") Its output will 
drive one TTL load and 90pF capacitance 

• Address Strobe (AS) 

In the multiplexed mode, address strobe signal appears at this 
pin It IS used to latch the lower 8 bits addresses multiplexed 
with data at Do/Ao D7/A7. The 8-bit latch is controlled by 
address strobe as shown in Figure 15 Thereby, Do/Ao ~ D7/A7 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure 1 

Address Strobe (AS) is sent out even if the internal address 
IS accessed. 

■ PORTS 

There are two I/O ports on HD6303R MPU (one 8-bit ports 
and one 5 -bit port). Each port has an independent write-only 
data direction register to program individual I/O pins for 
mput or output.* 

When the bit of associated Data Direction Register is "1", 
I/O pin IS programmed for output, if "0", then programmed for 
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an input. 

There are two ports : Port 1, Port 2. Addresses of each 
port and associated Data Direction Register are shown in 
Table 2. 

♦ Only one exception is bit 1 of Port 2 which becomes either a 
data input or a timer output. It cannot be used as an output 
port. 



Table 2 Port and Data Direction Register Addresses 



Ports 


Port Address 


Data Direction 
Register Address 


I/O Port 1 
I/O Port 2 


$0002 
$0003 


$0000 
$0001 



• I/O Port 1 

This is an 8-bit port, each bit being defined individually as 
input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input Imes must be more 
than 2.0V for logic *'r' and less than 0.8V for logic "0". 

These are TTL compatible. After the MPU has been reset, all 
I/O lines are configured as inputs in Multiplexed mode. In Non 
Multiplexed mode. Port 1 will be output line for lower order 
address lines (Ao ~ A?), which can drive one TTL load and 
30 pF capacitance. 

• I/O Port 2 

This port has five Imes, whose I/O direction depends on its 
data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input Imes must 
be more than 2.0V for logic "1" and less than 0.8V for logic 
"0". After the MPU has been reset, I/O lines are configured as 
inputs These pins on Port 2 (P20 ~ P22 of the chip) are used 
to program tlie mode of operation during reset. The values of 
these three pins durmg reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register which is explained in 
the MODE SELECTION section 

In all modes. Port 2 can be configured as I/O lines. This port 
also provides access to the Serial I/O and the Timer. However, 
note that bit 1 (Pji) is the only pin restricted to data input or 
Timer output. 

■ BUS 

• Do/Ao ~D7/A7 

This TTL compatible three-state buffer can drive one TTL 
load and 90 pF capacitance 
Non Multiplexed Mode 

In this mode, these pms become only data bus (Do ~ D7 ) 
Multiplexed Mode 

These pins becomes both the data bus (Do ~ D7) and lower 
bits of the address bus (Ao ~ A7) An address strobe output is 
"High" when the address is on the pins. 

• Ag ~A,s 

Each line is TTL compatible and can drive one TTL load and 
90 pF capacitance After reset, these pins become output for 
upper order address lines (Ag ""A15) 



■ MODE SELECTION 

The operation mode after the reset must be determined by the 
user wiring the P20, P21 , and P22 externally. These three pins are 
lower order bits; I/O 0, I/O 1,1/0 2 of Port 2. They arc latched 
into the control bits PCO, PCI, PC2 of I/O Port 2 register when 
RES goes "High". I/O Port 2 Register is shown below. 

Port 2 DATA REGISTER 



$0003 



7 


6 


S 


4 


3 


2 


1 





PC2 


^1 


PCO 


I/O 4 


1/0 3 


1/02 


I/O 1 


I/O 



An example of external hardware used for Mode Selection 
IS shown in Figure 11. The HD14053B is used to separate the 
peripheral device from the MPU during reset. It is necessary if 
the data may conflict between peripheral device and Mode 
generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 Data Register are read-only The mode 
selection of the HD6303R is shown in Table 3. 

The HD6303R operates in two basic modes: (1) Multiplexed 
Mode, (2) Non Multiplexed Mode. 

• Multiplexed Mode 

The data bus and the lower order address bus are multiplexed 

in the Do/Ao ~ D7/A7 and can be separated by the Address 
Strobe 

Port 2 IS configured for 5 parallel I/O or Serial I/O, or Timer, 
or any combination thereof. Port 1 is configured for 8 parallel 

I/O 

• Non Multiplexed Mode 

In this mode, the HD6303R can directly address HMCS6800 
peripherals with no address latch. Dq/Aq ~ D7/A7 become a 
data bus and Port 1 becomes Aq ~ A7 address bus. 

In this mode, the HD6303R is expandable up to 65k bytes 
with no address latch. 

• Lower Order Address Bus Latch 

Because the data bus is multiplexed With the lower order 
address bus in Do/Ao~D7/A7 in the multiplexed mode, address 
bits must be latched. It requires the 74LS373 Transparent octal 
D-type to latch the LSB. Latch connection of the HD6303R 
is shown in Figure 1 5 . 
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4 



9 q 



Mode 

Control 
Switch 



, (PCOI 
, (PCI) 
, (PC2) 



Note 1) Figure of Multiplexed Mode 

2) RC«Reset Constant 

3) R =10kn 



Figure 1 1 Recommended Circuit for Mode Selection 



Inho- 
AO- 
BO- 

co- 



Level 
Converter 



XoO- 

x,o- 



ZoO- 



Bmary to 1-of-2 
Decoder with 
Inhibit 



}— O X 
J-OY 

oz 



Control Input 




Inhibit 


Select 








C 


B 


A 


HD14063B 
















Y, 


X, 











1 


z. 




X, 








1 







Y, 


X, 








1 


1 


z. 


Y, 


X, 





1 








z, 


Y, 


X, 







1 


z, 


Y, 


X, 







1 





z, 


Y, 


X, 











z, 


Y, 


X, 


1 


X 


X 


X 





Figure 12 HD14053B Multiplexers/De-Multiplexers 




Do/Ao ~ D,/A, 



tiptexed 
Data/Address 
' Address Strobe 



Port 1 
8 Address Lines 
Ao ~ A7 



Port 2 
5 Pa 
SCI 




Parallel I/O N 

CI \/ 1/ 



Figure 13 HD6303R MPU Multiplexed Mode 



Figure 14 HD6303R MPU Non Multiplexed Mode 
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GNO • 
AS • 



Oo/A« D,/A, 
Addr«ts/0*ta 



Function Table 



Output 
Control 

<0C) 


G 


Enable 




Output 
Q 


L 


M 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Q, 


H 


X 


X 


Z 



Figure 15 Latch Connection 



Table 3 Mode Selection 



Table 4 Internal Register Area 



Operating Mode 




P21 


P22 


Multiplexed Mode 


L 


H~ 




L 


L 


H 


Non Multiplexed Mode 


H 


L 


L 



L : logic "0" 
H: logic "1" 

■ MEMORY MAP 

The MPU can provide up to 65k byte address space. Figure 
16 shows a memory map for each operating mode. The first 32 
locations of each map are for the CPU's internal register only, 
as shown in Table 4. 



Register 


Address 


Port 1 Data Direction Register ** 


00* 


Port 2 Data Direction Register* * 


01 


Port 1 Data Register 


02 • 


Port 2 Data Register 


03 


Timer Control and Status Register 


08 


Counter (High Byte) 


09 


Counter (Low Byte) 


OA 


Output Compare Register (High Byte) 


OB 


Output Compare Register (Low Byte) 


DC 


Input Capture Register (High Byte) 


00 


Input Capture Register (Low Byte) 


OE 


Rate and Mode Control Register 


10 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1F 



External address in Non Multiplexed Mode 
1 = Output, = Input 



Non Mul ti plexe d 
SOOOO 




|l Memo'v Space 



ernai Memory Space 



SFFFf 

(NOTE) 

Excludes the following addresses which may be 
used externally: $00, $02. 




Internal Rcgiiters 
External Memory Space 
Internal RAM 



ernal Memoiy Space 



Figure 16 HD6303R Memory Maps 
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■ PROGRAMMABLE TIMER 

The HD6303R contains 16-bit programmable timer which 
may measure input waveform. In addition to that it can generate 
an output waveform by itself. For both input and output wave- 
form, the pulse width may vary from a few microseconds to 
several seconds 

The timer hardware consists of 

• an 8-bit control and status register 

• a 16-bit free running counter 

• a 16-bit output compare register 

• a 16-bit input capture register 

A block diagram of the timer is shown in Figure 17. 



c 



H06303R Internal a 



i 



^|PoB~ $O C ^ S09 $0 A B »0D *0E 




Figure 17 Programmable Timer Block Diagram 

• Free Running Counter ($0009: $000A) 

The key element in the programmable timer is a 16-bit free 
running counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
CPU software at any time with no effects on the counter. 
Reset will clear the counter. 

When the MSB of this counter is read, the LSB is stored 
m temporary latch. The data is fetched from this latch by the 
subsequent read of LSB, Thus consistent double byte data can 
be read from the counter. 

When the CPU writes arbitrary data to the MSB ($09), the 
value of $FFF8 is being pre-set to the counter ($09, $0A) 
regardless of the write data value. Then the CPU writes arbi- 
trary data to the LSB ($0A), the data is set to the "Low" byte 
of the counter, at the same time, the data preceedingly written 
in the MSB ($09) is set to "High" byte of the counter. 

When the data is written to this counter, a double byte 
store instruction (ex, STD) must be used. If only the MSB of 
counter is written, the counter is set to $FFF8. 

The counter value written to the counter using the double 
byte store instruction is shown in Figure 18. 

To write to the counter can disturb serial operations, so it 
should be inhibited during using the SCL If external clock 
mode is used for SCI, this will not disturb serial operations. 



1 $09 Wriw J 


$0A Writt 


* (5A) • 


' (F3I * 



5AF3 

(5AF3 written to the counter) 

Figure 18 Counter Write Timing 

• Output Compare Register ($000B:$000C) 

This is a 16-bit read/write register which is used to control an 
output waveform The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) IS set and the current value of an output level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is "1" (output), the OLVL 
value will appear on the bit 1 of Port 2, Then, the value of Out- 
put Compare Register and Output level bit may be changed 
for the next compare. 

The output compare register is set to $FFFF during reset. 

The compare function is inhibited at the cycle of writing to 
the high byte of the output compare register and at the cycle 
just after that to ensure valid compare. It is also inhibited in 
same manner at writing to the free running counter. 

In order to write a data to Output Compare Register, a 
double byte store instruction (ex, STD) must be used, 

• Input Capture Register ($000D: $000E) 

The input capture register is a 16-bit read-only register used 
to hold the current value of free running counter captured when 
the proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer is controlled by the input edge bit (lEDG), 

To allow the external input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
of Port 2 must have been cleared (to zero). 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 

• Timer Control/Status Register (TCSR) ($0008) 

This is an 8-bit register. All 8-bits are readable and the lower 
5 bits may be written. The upper 3 bits are read-only, indicating 
the timer status information as is shown below, 

(1) A proper transition has been detected on the input pin 
(ICF), 

(2) A match has been found between the value in the free 
running counter and the output compare register (OCF). 

(3) When counting up to $0000 (TOF). 

Each flag has an individual enable bit in TCSR which 
determ ines whether or not an interrupt request may occur 
(IRQ2), If the I-bit in Condition Code Register has been 
cleared, a prior vectored address occurs corresponding to 
each flag, A description of each bit is as follows. 

Timer Control / Status Register 
7 6 5 4 3 2 1 



TOF I ElCI I EOCI I ETOI I lEDG | OLVtl S0008 



Bit OLVL (Output Level); When a match is found in the 
value between the counter and the output com- 
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pare register, this bit is transferred to the Port 2 
bit I. If the DDR corresponding to Port 2 bit 1 is 
set "1", the value will appear on the output pin of 
Port 2 bit 1. 

Bit 1 lEDG (Input Edge): This bit control which transition 
of an input of Port 2 bit will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 
must be clear in advance of using this function. 
When lEDG = 0, trigger takes place on a negative 
edge ("High'-to-"Lx)w" transition). When lEDG = 
1 , trigger takes place on a positive edge ("Low"-to- 
"High" transition). 

Bit 2 ETOJ (Enable Timer Overflow Interrupt); When set, 
this bit enables TOP interrupt to generate the 
interrupt request (IRQ2 ), When cleared, the inter- 
rupt IS inhibited. 

Bit 3 EOCI (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQ2 ). When cleared, the inter- 
rupt is inhibited. 

Bit 4 EICI (Enable Input Capture Interrupt); When set, this 
bit enables ICF interrupt to generate the interrupt 
request (IRQ2). When cleared, the interrupt is 
inhibited. 

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set 
at the transition of $FFFF to $0000 of the 
counter. It is cleared by CPU read of TCSR (with 
TOF set) followed by a CPU read of the counter 
($0009). 

Bit 6 OCF (Output Compare Flag); This read-only bit is set 
when a match is found in the value between the 
output compare register and the counter. It is 
cleared by a read of TCSR (with OCF set) fol- 
lowed by a CPU write to the output compare re- 
gister ($000B or $000C). 

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a 
proper transition on the input, and is cleared by 
a read of TCSR (with ICF set) followed by a 
CPU read of Input Capture Register ($000D). 
Reset will clear each bit of Timer Control and Status 

Register. 

■ SERIAL COMMUNICATION INTERFACE 

The HD6309R contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data rate It consists of a transmitter and a receiver 
which operate independently but with the same data format 
and the same data rate. Both of transmitter and receiver com- 
municate with the CPU via the data bus and with the outside 
world through Port 2 bit 2, 3 and 4 Descnption of hardware, 
software and register is as follows. 

• Wake-Up Feature 

In typical multiprocessor applications the software protocol 
will usually have the designated address at the initial byte of the 
message. The purpose of Wake-Up feature is to have the non- 
selected MPU neglect the remainder of the message. Thus 
the non-selected MPU can inhibit the all further interrupt 
process until the next message begins 

Wake-Up feature is re-enabled by a ten consecutive "T's 
which indicates an idle transmit line Therefore software pro- 
tocol must put an idle period between the messages and must 
prevent it within tiie message 



With this hardware feature, the non-selected MPU is re- 
enabled (or "waked-up") by the next message. 

• Programmable Options 

The HD6303R has the following programmable features. 

• data format ; standard mark/space (NRZ) 

• clock source, external or internal 

• baud rate; one of 4 rates per given E clock frequency or 

1/8 of external clock 
. wake-up feature, enabled or disabled 

• interrupt requests; enabled or masked individually for 

transmitter and receiver 

• clock output; internal clock enabled or disabled to Port 

2 bit 2 

•Port 2 (bits 3, 4), dedicated or not dedicated to serial 
I/O individually 

• Serial Communication Hardware 

The serial communications hardware is controlled by 4 
registers as shown m Figure 19. The registers include: 
. an 8-bit control/status register 

• a 4-bit rate/mode control register (write-only) 

• an 8-bit read-only receive data register 

• an 8-bit write-only transmit data register 

Besides these 4 registers. Serial I/O utilizes Port 2 bit 3 
(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option IS selected for the internal-clock-out or the external- 
clock-in. 

• Transmit/Receive Control Status Register (TRCSR) 

TRCS Register consists of 8 bits which all may be read while 
only bits to 4 may be written. The register is initialized to $20 
on KE5. The bits of the TRCS Register are explained below. 

Transmit / Receive Control Status Register 
6 S 4 3 2 1 



[rdrf orfe[tdre| wie | re | tie | te [ wu~] ador 



Bit WU (Wake Up); Set by software and cleared by hardware 
on receipt of ten consecutive "T's. While this bit 
IS "1", RDRF and ORFE flags are not set even 
if data are received or errors are detected. There- 
fore received data are ignored. It should be noted 
that RE flag must have already been set in advance 
ofWU flag's set. 

Bit 1 TE (Transmit Enable); This bit enables transmitter. When 
this bit is set, bit 4 of Port 2 DDR is also forced 
to be set. It remains set even if TE is cleared. 
Preamble of ten consecutive "T's is transmitted 
just after this bit is set, and then transmitter 
becomes ready to send data. If this bit is cleared, 
the transmitter is disabled and serial I/O affects 
nothing on Port 2 bit 4. 

Bit 2 TIE (Transmit Interrupt Enable); When this bit is set, 
TDRE (bit 5) causes an TRQ2 interrupt. When 
cleared, TDRE mterrupt is masked. 

Bit 3 RE (Receive Enable); When set. Port 2 bit 3 can be used 
as an input of receive regardless of DDR value for 
this bit When cleared, the receiver is disabled. 

Bit 4 RIE (Receive Interrupt Enable); When this bit i s set, 
RDRF (bit 7) or ORFE (bit 6) cause an WXJi 
interrupt. When cleared, this interrupt is masked. 
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Bit 5 TORE (Transmit Data Register Empty); When the data 
is transferred from the Transmit Data Register 
to Output Shift Register, this bit is set by hard- 
ware. The bit is cleared by reading the status re- 
gister followed by writing the next new data into 
the Tra nsmi t Data Register. TDRE is initialized 
to 1 by REJ. 

Bit 6 ORFE (Over Run Framing Error); When overrun or 
framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data register while the RDRF is "1". Framing 
Error occurs when the bit counter is not synchro- 
nized with the boundary of the byte in the re- 



ceiving bit stream. When Framing Error is de- 
tected, RDRF IS not set. Therefore Framing Error 
can be distinguished from Overrun Error. That is, 
if ORFE is "1" and RDRF is "1", Overrun Error 
is detected. Otherwise Framing Error occurs. 
The bit is cleared by reading the status register 
fol lowed by reading the receive data register, or 
by RE^. 

Bit 7 RDRF (Receive Data Register Full); This bit is set by 
hardware when the data is transferred from the 
receive shift register to the receive data register. 
It is cleared by reading the status register follo wed 
by reading the receive data register, or by RES. 
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Figure 19 Serial I/O Register 
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Table 5 SCI Bit Times and Transfer Rates 



SSI SSO 


XTAL 


2 4576 MHz 


4 OMHz 


4 9152MHz 


E 


614 4 kHz 


1 OMHz 


1 2288MHz 




1 

1 

1 1 


E - 16 
E - 128 
E - 1024 
E - 4096 


26 ^s/38,400 Baud 
208MS/4.800 Baud 
1 67ms/600 Baud 
6 67ms/ 150 Baud 


16 fis/62,500 Baud 
128 ^$/78 12.5 Baud 
1 024ms/976.6 Baud 
4 096ms/244 1 Baud 


13 ^s/76.800Baud 
104 2^s/ S.SOOBaud 
833 3^ s/ 1.200Baud 
3 333ms/ 300Baud 
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Table 6 SCI Format and Clock Source Control 



CC1 


ceo 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 





















1 


NRZ 


Internal 


Not Used*** 






1 





NR2 


Internal 


Output* 






1 


1 


NRZ 


External 


Input 







• Clock output IS available regardless of values for bits RE and TE 
Bit 3 IS used for serial input if RE = "1" in TRCS 
Bit 4 IS used for serial output if TE = "1" in TRCS 

•** This pin can be used as I/O port 



• Transfer Rate/Mode Control Register (RMCR) 

The register controls the following serial I/O functions 
'Bauds rate 'data format • clock source 
•Port 2 bit 2 feature 

It IS 4-bit write-only register, cleared by RES. The 4 bits are 
considered as a pair of 2-bit fields The lower 2 bits control the 
bit rate of internal clock while the uppei 2 bits control the 
format and the clock select logic 
BitOSSO) ^ _ . 
Bit] SSI I Speed Select 

These bits select the Baud rate for the internal clock The 
rates selectable are function of E clock frequency of the CPU. 
Table 5 lists the available Baud Rates 

Bit2 ceo ] 

Bit 3 CCl J 

They control the data format and the clock select logic 
Table 6 defines the bit field 



Clock Control/Format Select 



• Internally Generated Clock 

If the user wish to use externally an internal clock of the 
serial 1/0, the following requirements sliould be noted 
•CCl, CCO must be set to "10" 
•The maximum clock rate must be E/16. 

• The clock rate is equal to the bit rate 

• The values of RE and TE have no effect 

• Externally Generated Clock 

If the user wish to supply an external clock to the Serial 
I/O, the following requirements should be noted 

• The CC 1 , CCO must be set to " 1 1 " (See Table 6). 

• The external clock must be set to 8 times of the desired 
baud rate 

•The maximum external clock frequency is E/2 clock 

• Serial Operations 

The serial I/O hardware must be initialized by the softwaie 
before operation Tlie sequence will be normally as follows 

•Wilting the desired operation control bits of the Rate and 
Mode Control Register 

•Writing the desired operation control bits of the TRCS 
register 

If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be 
kept set When TE, RE bit are cleared during SCI operation, 
and subsequently set again, it should be noted that TE, RE 
must be kept "0" for at least one bit time of the current baud 
rate If TE, RE are set again within one bit time, there may be 
the case where the initializing of internal function for trans- 
mitter and receiver does not take place correctly 

• Transmit Operation 

Data transmission is enabled by the TE bit in the TRCS 



register When set, the output of the transmit shift legistei 
IS connected with Port 2 bit 4 which is unconditionally con- 
figured as an output 

After RFS, the user should initialize both the RMC register 
and the TRCS register for desired operation Setting the TE bit 
causes a transmission of ten-bit pieamblc of "T's Following the 
pieamble, internal synchronization is established and the tians- 
mittei is leady to operate Then eithei of the following states 
exists 

(1) If the transmit data legistci is empty (TDRE = I), the 
consecutive "T's are transmitted indicating an idle 
states 

(2) If the data has been loaded into the Tiansmit Data 
Register (TDRE = 0), it is transferred to the output 
shift legister and data transmission begins. 

During the data transfer, the start bit ("0") is first trans- 
feried Next the 8-bit data (beginning at bit 0) and finally the 
stop bit C'l") Wlien the contents of the Transmit Data Register 
is transferred to the output shift register, the hardware sets the 
TDRE flag bit If the CPU fails to respond to the flag within 
the proper time, TDRE is kept set and then a continuous string 
of 1 's IS sent until the data is supplied to the data register 

• Receive Operation 

The receive operation is enabled by the RE bit The seiial 
input IS connected with Port 2 bit 3. The receiver operation 
IS determined by the contents of the TRCS and RMC register 
The received bit stream is synchronized by the first "0" (start 
bit) Dunng 10-bit time, the data is strobed approximately at 
the center of each bit If the tenth bit is not "I" (stop bit), 
the system assumes a framing error and the ORFE is set 

If the tenth bit is "1", the data is transferred to the receive 
data register, and the RDRF flag is set. If the tenth bit of the 
next data is received and still RDRF is preserved set, then 
ORFE IS set indicating that an overrun error has occurred 

After the CPU read of the status register as a response to 
RDRF flag or ORFE flag, followed by the CPU read of the 
receive data register, RDRF or ORFE will be cleared. 

■ RAM CONTROL REGISTER 

The register assigned to the address $0014 gives a status 
information about standby RAM 

RAM Control Register 
3 



STBY 
PWR 


RAME 


X 






X 


X 





Bit Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bite RAM Enable (RAME). 

Using this control bit, the user can disab le th e RAM RAM 
Hnable bit is set on the positive edge ol RES and RAM is 
enabled. The program can write "1" or "0" If RAME is 
cleared, the RAM address becomes external address and the 
CPU may read the data from the outside memory. 
Bit 7 Standby Power Bit (STBY PWR) 

This bit can be read oi written by the user program. It is 
cleared when the V^.^^., voltage is removed. Normally this bit 
IS set by the program before going into stand-by mode When 
the CPU recovers from stand-by mode, this bit should be 
checked If it is "1", the data of the RAM is retained during 
stand-by and it is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6303R has an upward object code compatible with 
the HD6801 to utili/e all instruction sets of the HMCS6800 
The execution time of the key insliuction is reduced to increase 
the system througli-put hi addition, the bit operation instiuc- 
tion. the exchange instruction between the index and the 
accumulator, the sleep instruction aic added. This section 
describes 

• CPU programming model (See Fig. 20) 

• Addressing modes 

•Accumulator and memory manipulation instructions (See 
Table 7) 

• New instructions 

•Index register and stack mampulation mstructions (See 
Table 8) 

• Jump and branch instructions (See Table 9) 
•Condition code register manipulation instructions (See 

Table 10) 

• Op-code map (See Table 1 1 ) 

• Cycle-by-cycle operation (See Table 12) 

• CPU Programming Model 

The programming model for the HD6303R is shown in Fig- 
ure 20. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 



; J ^ 8 Bit Accumulators A and B 

jj Or 16 Bit Double Accumulator D 



IS X o| Index Register (XI 



{«5 S» o) Stack Pomter (SP) 



PC oj Proqram Countei IPC I 

7 
1 'hhl 'hlfhhl '-""dit.on Code Register (CCR) 

' j ^ Carry/Borrow from MSB 
' Overflow 

' Negative 

> If^terrupi 

I Half Carry (From Bn 3i 

Figure 20 CPU Programming Model 

• CPU Addressing Modes 

The HD6303R has seven address modes which depend on 
both of the instruction type and the code. The address mode for 



every instruction is shown along with execution time given in 
terms of machine cycles (Table 7 to II). When the clock 
frequency is 4 MHz, the machine cycle will be microseconds. 
Accumulator (ACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula- 
tor A or B is specified by one-byte instructions. 
Immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte mstructions. 
Direct Addressing 

In this mode, the second byte of instruction indicates the 
address where the operand is stored. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine; 
locations zero through 255. Improved execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user's data realm. These are 
two-byte instructions except the AIM, OIM, EIM and TIM 
which have three-byte. 
Extended Addressing 

In this mode, the second byte indicates the upper 8 bit 
addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
memory. These are three-byte instructions. 
Indexed Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, the result- 
ing "carry" is added to the upper 8 bits m the Index Register. 
The result is used for addressing memory. Because the modified 
address is held in the Temporary Address Register, there is no 
change to the Index Register. These are two-byte instructions 
but AIM, OIM, EIM, TIM have three-byte. 
Implied Addressing 

In this mode, the instruction itself gives the address; stack 
pointer, index register, etc. These are 1-byte instructions. 
Relative Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of -126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 
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Table 7 Accumulator, Memory Manipulation Instructions 



Optrttioni 


Mnennonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMED 


DIRECT 


INDEX 


EXTEND 
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t 


R 


S 


COMA 


























43 


1 


1 


A - A 


• 






t 


R 


s 


COMB 


























53 


1 


1 


B — B 


• 






t 


R 


s 


Complement, 2's 
(Negate) 


NEG 














60 


6 


2 


70 


6 


3 








^'^^^ 


• 






t 


(D 




NEGA 


























40 


1 


1 


00 - A A 


• 






t 


fi) 


ca; 


NEGB 


























50 


1 


1 


00 - B -* B 


• 






t 


(ij 




Decimal Adjust. A 


OAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 


• 




t 


t 


t 


(D 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M - 1 - M 








t 


«) 


• 


DECA 


























4A 


1 


1 


A - 1 - A 


• 






1 


® 


• 


OECB 


























5A 


1 


1 


B - 1 - B 


• 






t 


C4) 


• 


Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A M A 


• 






t 


R 


• 


EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








8 M-» B 


• 






t 


R 


• 


Increment 


, 














6C 


6 


2 


7C 


6 


3 










• 






t 


(D 


• 


^J^S^ 


























4C 


1 


1 


^ , 


• 






t 


(S> 


• 


INCB 


























5C 


1 


1 


l-lIlL? 


• 






t 


(S) 


• 


Load 

Accumulator 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M -♦ A 


• 






t 


R 


• 


LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M - 8 


• 






t 


R 


• 


Load Double 
Accumulator 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1 - 8. M-^ A 


• 




t 


t 


R 


• 


Multiply Unsigned 


MUL 


























— 






A X 8- A B 


* 






* 


* 




OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A ♦ M - A 
















CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 














— 


J 


R 




Push Data 


PSHA 


























36 


4 


1 


A - Msp.SP - 1 - SP 






• 


• 


• 


• 


PSHB 


























37 


4 


1 


B - Msp, SP - 1 SP 






• 


• 


• 


e 


Pull Data 


PULA 


























32 


3 


1 


SP ♦ 1 - SP, Msp - A 






• 


• 


• 


• 


PULB 


























33 


3 


1 


SP + 1 - SP, Msp - B 






• 


• 


• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 




















t 


ROLA 


























49 


1 














® 


t 


ROLB 


























59 


1 










(D 


t 


Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 


















!S) 


t 


RORA 


























46 


1 


1 












(D 


i 


RORB 


























56 


1 


1 










% 


t 



Note) Condition Code Register will be explained in Note of Table 10 (to be continued) 
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Table 7 Accumulator, Memory Manipulation Instructions 



Addraumg Mod«» 



INDEX EXTEND IMPLIED 



Boolean/ 
Arithmetic Operation 



Condition Code 
Remitter 



J I 11 II I K-o 



H ;i Mill I^Hg 



A 0^ 1 1111 m -^i 

- b7 bO r 



^ ACC A/ ACC » '__ 
A7 AO B7 I 



B - M+ 1 



A B-M M+1-A 



A - M - C- A 
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• New Instructions 

In addition to the HD6801 Instruction Set, the HD6303R 

has the following new instructions: 

AIM (M)-(IMM)-^(M) 

Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 

OIM "(M) + (IMM)->(M) 

Evaluates the OR of the immediate data and the 
memory, places the result in the memory, 

EIM- --(M)0(IMM)->(M) 

Evaluates the EOR of the immediate data and the 
memory, places the result m the memory. 



TIM--- (M)- (IMM) 

Evaluates the AND of the immediate data and the 
memory, changes the flag of associated condition code 
register 

Each instruction has three bytes; the first is op-code, the 
second is immediate data, the third is address modifier. 
XGDX--(ACCD)^(IX) 

Exchanges the contents of accumulator and the mdex 

register. 

SLP The MPU is brought to the sleep mode. For sleep 

mode, see the "sleep mode" section. 



Table 8 Index Register, Stack Manipulation Instructions 



Pointer Operations 



Addressing Modes 



Boolean/ 
Arithmetic Operation 



Condition Code 
Register 



Compare Index Reg 



Decrement Index Reg 



Decrement Stack Pntr 



DES 



lncrenr>ent Index Reg 



Increment Stack Pntr 



Load Index Reg 



M-^ Xm, (M* 1)^ Xl 



M- SPh. (M-H)-^SPt. 



Store Index Reg 



. -M, X, -{M* 1) 



Store Stack Pntr 



SPh-M.SPl- 



Index Reg — Stack Pntr 



Stack Pntr -» Index Reg 



TXS 

~fs~x" 



- 1 - SP 



Xl-M^,SP-1 -SP 
Xm-^M^. SP-1-SP 



SP + 1 - SP. - Xh 
SP* 1-SP, M^- Xl 



Exchange 



Note) Condition Code Register will be explained in Note of Table 10. 
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Table 9 Jump, Branch instruction 



Operations 


Mnemonic 


Addressing Modes 


Branch Test 


Condition Code 
Reaitter 


RELATIVE 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 





OP 






OP 




« 


OP 




# 


OP 




# 


OP 




# 


H 


1 


N 


Z 


V 


C 


Branch Always 


BRA 


20 


3 


2 










— 


- 
















None 














Branch Ntvar 


BRN 


21 


3 


2 










— 










None 














Branch If Carry Ctaar 




24 


3 


2 








- 


- 






C " 














Branch If Carry Sat 


BCS 


25 


3 


2 


C " 1 














Branch If - Zaro 


BEQ 


27 


3 


2 


























Z - 1 














Branch If > Zero 


BGE 


2C 


3 


2 






















N V - 














Branch If > Zaro 


8GT 


2E 


3 


2 






















Z ♦ (N © V) -0 














Branch If Higher 


BHI 


22 


3 


2 
















C ♦ Z - 














Branch If < Zero 


BLE 


2F 


3 


2 


















Z ♦ (N ® V) - 1 














Branch If Lower Or 
Same 


BLS 


23 


3 


2 














C ♦Z - 1 














Branch If < Zero 


BLT 


20 


3 


2 


















N ® V - 1 














Branch If Minus 


BMI 


2B 


3 


2 










- 
















N - 1 














Branch If Not Equal 
Zaro 


BNE 


26 












— 


- 










Z " 














Branch If Overflow 
CiMr 


BVC 


28 


3 


2 


























V -0 














Branch If Overflow Set 


BVS 
































V - 1 














Branch If Plus 


BPL 


2A 


3 


2 


























N - 














Branch To Subroutine 


BSR 


80 


5 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








90 


5 


2 


AD 


S 


2 


BD 


6 


3 




















No Oparation 


NOP 


























01 


1 


1 


Advances Prog Cntr 
Only 














Return From Interrupt 


RTI 


























38 


10 


1 










(j 




Return From 
Subroutine 


RTS 


























39 


5 


1 














Software Interrupt 


SWI 


























3F 


12 


1 




• 


S 


• 




• 


• 


Wait for Interrupt* 
Sleep 


WAI 

SLP 


























3E 
1A 


9 
4 


1 

1 




• 


(i> 


• 


• 


• 


• 



•WAI puts R/W high, Address Bus goes to FFFF; Data Bus goes to the three state 



Condition Code Register will be explained in Note of Table 10 
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Table 10 Condition Code Register Manipulation Instructions 







AddrauingModct 




Condition Code Register 


Op#r§tiont 


Mnemonic 


IMPLIED 


Boolean Operation 


5 




3 


2 


1 







OP 








M 




N 


2 


V 


c 


O—f Carry 


CLC 


OC 


1 




0-C 












R 


CiMr Interrupt M«tk 


CLI 


OE 






- 1 








• 


• 


• 


CiMr Ovvrfiow 


CLV 


OA 






- V 








• 


R 


• 


S«t Carry 


SEC 


00 


1 




1 - C 












S 


Sat Irtttrrupt Mask 


SEI 


OP 


1 




1 - 1 








• 


• 


• 


Sat OMrflow 


SEV 


OB 


1 




1 - V 








• 


S 


• 


Accumulator A -* OCR 


TAP 


06 


1 




CCR 


® 


COR -» Accumulator A 


TPA 


07 


1 




CCR - A 


•l-i-l-l- I- 



[NOTE 1] Condition Code Register Notes (Bit set if test is true and cleared otherwise) 
Test Result = 10000000' 
Test Result ^ 00000000' 

Test BCD Character of highorder byte greater than 9 ' (Not cleared if previously set) 
Test Operand = 10000000 prior to execution? 
Test Operand = 01111111 prior to execution? 
Test Set equal to N*C=1 after the execution of instructions 
Test Result less than zero? (Bit 15=1) 
Load Condition Code Register from Stack 

Set when interrupt occurs If previously set, a Non Maskable Interrupt is required to exit the wait 
state 

Set according to the contents of Accumulator A 
Result of Multiplication Bit 7= 1 of ACCB? 

[NOTE 2] CLI instruction and mterrupt 

If interrupt mask-bit is set (l = "1") and interrupt is requested (IRQi = "0" or IRQj = "0"), 
and then CLI instruction is executed, the CPU responds as follows 
The next instruction of CLI is one-machine cycle instruction 

Subsequent two instructions are executed before the interrupt is responded. 

That IS, the next and the next of the next instruction are executed. 
Q) The next instruction of CLI is two-machine cycle (or more) instruction. 

Only the next instruction is executed and then the CPU jump to the interrupt routine 
Even if TAP instruction is used, instead of CLI, the same thing occurs. 





(Bit V) 


® 


(BitC) 




(BitC) 


® 


(Bit V) 


(D 


(Bit V) 


(0 


(Bit V) 


(I) 


(BitN) 


(i) 


(All Bit) 




(Bit 1) 


@ 


(All Bit) 


® 


(Bit C) 



Table 1 1 OP-Code Map 



OP 










ACC 


ACC ' 


IND 


EXJX" 


ACCA or SP 


ACCB or X 




CODE 










A 


B 




IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 




\^HI 


0000 


0001 


0010 


0011 


0100 


otoi 


Olio 


0111 


tooo 


1001 


1010 


lOII 


ItOO 


1101 


IMO 


Mil 




LO 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 




C 


D 


e 


F 




0000 







SBA 


BRA 


TSX 


NEG 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 




AIM 


CMP 


1 


0010 


2 






BHI 


PULA 




OIM 


SBC 




oon 


3 






BLS 


PULB 


COM 




SUBO 






ADDO 






0100 


4 


LSRD 




BCC 


DES 




LSR 




AND 




0101 


i 


ASLO 




BCS 


TX~S 1 






EIM 


^ BIT 




ono 


8 


TAP 


TAB 


BNE 


PSHA 




ROR 










LOA 










out 


7 


TPA 


TBA 


BEQ 


PSHB 




ASR 






STA 






STA 






1900 


8 


INX 


XGOX 


BVC 


PULX 




~ ASL 










EOR 










1001 


9 


DEX 


OAA 


BVS 


RTS"^ 




ROL 










ADC 










1010 


A 


CLV 


SLP 


BPL 


ABX ^ 




DEC ~ 










ORA 










toil 


B 


SEV 


ABA 


BMI 


RTI 






TIM 








ADD 








B 


1100 


c 


CLC 




BGE 


PSHX 


INC 




CPX 




LDD 


C 


IIOI 


D 


SEC 




BLT 


MUL 




TST 




BSR ^ 




JSR 




^.^\ STD 





1110 


E 


CLI 




BGT 


WAI 


^^""^^^^■^'^ JMP 


i LDS 1 


LDX 


E 


III! 


F 


SEI 




BLE 


SWI 


CLR 




STS 




STX 


F 







I 


2 


3 


4 


5 


6 


7 


8 


9 


* 




C 












UNDEFINED OP CODE L>--1 

• Only for instructions of AIM, OIM, EIM, TIM 
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• Instruction Execution Cycles 

In the HMCS6800 series, the execution cycle of each instruc- 
tion IS the number of cycles between the start of the current 
instruction fetch and just before the start of the subsequent 
instruction fetch. 

The HD6303R uses a mechanism of the pipeline control 
for the instruction fetch and the subsequent instruction fetch 
is performed during the current instruction being executed. 



Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction 
cycles such as MULT, PULL, DAA and XGDX in the HD6303R. 

Table 12 provides the information about the relationship 
among each data on the Address Bus, Data Bus> and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 



Table 12 Cycle-by -Cycle Operation 



Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W Data Bus 


IMMEDIATE 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


2 


1 
2 

r ' 

2 
3 


Op Code Address-I- 1 
Op Code Address + 2 


1 
1 

- - Y - 

1 
1 


Operand Data 
Next Op Code 


ADDD CPX 
LDD LDS 
LDX SUBD 


3 


Op Code Address +1 
Op Code Address + 2 
Op Code Address + 3 


Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


DIRECT 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
St A 

ADDD "CPX 
LDD LDS 
LDX SUBD 


3 

3 
4 

4 
5 
4 

6 


1 
2 
3 

2 
3 

1" 
2 
3 
4 


Op Code Address+1 
Address of Operand 
Op Code Address + 2 

Op Code Address + 1 
Destination Address 
Op Code Address + 2 
Op Code Address + 1 
Address of Operand 
Address of Operand -f1 
Op Code Address + 2 


1 
1 
1 


Address of Operand (LSB) 
Operand Data 
Next Op Code 


1 


1 

1 ~ 
1 
1 
1 


Destination Address 
Accumulator Data 
Next Op Code 
Address of "Ope rand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 

JSR 
TIM 

AIM EIM 
OIM 


1 ^ 
2 
3 
4 


Op Code Address + 1 
Destination Address 
Destination Address-I- 1 
Op Code Address -f 2 


1 Destination Address (LSB) 
Register Data (MSB) 

Register Data (LSB) 

1 Next Op Code 


1 
2 
3 
4 
5 
1 
2 
3 
4 
1 
2 
3 
4 
5 
6 


Op Code Address 4-1 
FFFF 

Stack Pointer 
Stack Pointer- 1 
Jump Address 
Op Code Address -1-1 
Op Code Address -f- 2 
Address of Operand 
Op Code Address -f- 3 


1 Jump Address (LSB) 
1 , Restart Address (LSB) 
Return Address (LSB) 

Return Address (MSB) 

1 First Subroutine Op Code 
1 Immediate Data 

1 Address of Operand (LSB) 
1 Operand Data 
1 Next Op Code 


Op Code Address + 1 
Op Code Address -I- 2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address-f 3 


1 Immediate Data 

1 Address of Operand (LSB) 

1 Operand Data 

1 Restart Address (LSB) 

: New Operand Data 

1 1 Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles Cycle 


Address Bus 


R W 


Data Bus 


INDEXED 


JMP 

ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 
STA 

' ADDD 
CPX LDD 
LDS LDX 
SUBD 

SfD STS 
STX 


3 
4 

5 
5 


1 
2 
3 
1 
2 
3 
4 

1 
2 
3 
4 

2 
3 
4 
5 
1 
2 
3 
4 
5 


Op Code Address f 1 
FFFF 

Jump Address 

Op Code Address + 1 

FFFF 

IX 4- Offset 

Op Code Address + 2 

Op Code Address+ 1 
FFFF 

IX f Offset 

Op Code Address + 2 
Op Code Address + 1 
FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address + 2 

Op Code Address + 1 

FFFF 

IX + Offset 

IX + Offset -fl 

Op Code Address + 2 


! 
] 


Offset 

Restart Address (LSB) 
First Op Code of Jump Routine 
Offset" 

Restart Address (LSB) 
Operand Data 
Next Op Code 

Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 
Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 
Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
IX + Offset 


] 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 4 1 
FFFF 

IX + Offset 
FFFF 

IX + Offset 

Op Code Address+ 2 


] 


Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


TIM 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address + 2 
FFFF 

IX + Offset 

Op Code Address + 3 


i 


Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address+ 1 
FFFF 

IX + Offset 
IX + Offset 

Op Code Address + 2 




Offset 

Restart Address (LSB) 

Operand Data 

00 

Next Op Code 


AIM EIM 
OIM 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address + 1 
Op Code Address + 2 
FFFF 

1X4 Offset 
FFFF 

IX + Offset 

Op Code Address + 3 




1 


Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 



- Continued - 
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Table 12 Cycle-by -Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 
« 


Address Bus 


R W 


Data Bus 


EXTEND 


JMP 


3 


1 
2 
3 


Op Code Address+ 1 
Op Code Address + 2 
Jump Address 




Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


ADC ADD TST 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


4 
4 


1 
2 
3 
4 

_ 

2 
3 
4 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address + 3 




Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


STA 


Op Code Address+ 1 
Op Code Address + 2 
Destination Address 
Op Code Address + 3 


I 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 

2 
3 
4 
5 

2 
3 
4 
5 
6 

2 
3 
4 
5 
6 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 
Op Code Address + 3 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 
Destination^Address (M^B) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 
Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
neturn Aaaress \iviot5) 
First Subroutine Op Code 


STD STS 
STX 


5 
6 


Op Code Address-!- 1 
Op Code Address 4- 2 
Destination Address 
Destination Address -1-1 
Op Code Address + 3 


JSR 


Op Code Address+ 1 
Op Code Address 4- 2 
FFFF 

Stack Pointer 
Stack Pointer— 1 
Jump Address 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address + 3 




Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Op Code Address + 3 



1 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
00 

Next Op Code 



— Continued — 
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Table 12 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 


Data Bus 


IMPLIED 


ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 


1 


1 


Op Code Address + 1 


1 

I 


Next Op Code 


DAA XGDX 


3 
4 


1 
2 

T 

2 
3 


Op Code Address + 1 
FFFF 


Next Op Code 
Restart Address (LSB) 


PULA PULB 
~ P S HA P STi B ' 


Op Code Address + 1 
FFFF 

Stack Pointer + 1 


Next Op Code 
Restart Address (LSB) 
Data from Stack 


1 
2 
3 
4 

i 

2 
3 
4 

Y' 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

Stack Pointer 

Op Code Address + 1 


Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 


PULX 


Op Code Address+ 1 
FFFF 

Stack Pointer + 1 
Stack Pointer + 2 


Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


PSHX 


5 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer- 1 
Op Code Address + 1 
bp Code Address + 1 
FFFF 

Stack Pointer+ 1 
Stack Pointer + 2 
Return Address 


I 


Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 


RTS 
M U L" ~ 


5 


1 

2 
3 
4 
5 


Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address + 1 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 




Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 



- Continued ~ 
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Table 12 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 
it 


Address Bus 


R/W 


Data Bus 


IMPLIED 


WAI 


9 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Op Code Address+1 
FFFF 

Stack Pointer 
Stack Pointer — 1 
Stack Pointer -2 
Stack Pointer -3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer -6 


1 
1 










Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator, A 
Accumulator B 
Conditional Code Register 


RTI 


10 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 


Op Code Address+ 1 
FFFF 

Stack Pointer +1 
Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer + 4 
Stack Pointer + 5 
Stack Pointer + 6 
Stack Pointer + 7 
Return Address 




Next Op Code 
Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 
Index Register (MSB) 
Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


SWI 


12 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 


Op Code Address +1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Stack Pointer - 2 
Stack Pointer - 3 
Stack Pointer - 4 
Stack Pointer - 5 
Stack Pointer - 6 
Vector Address FFFA 
Vector Address FFFB 
Address of SWI Routine 











Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Address of SWI Routine (MSB) 
Address of SWI Routine (LSB) 
First Op Code of SWI Routine 


SLP 


4 


1 
2 

Sleep 

1 

3 
4 


Op Code Address+1 

FFFF 

FFFF 

FFFF 

Op Code Address+1 




Next Op Code 
Restart Address (LSB) 
High Impedance-Non MPX Mode 
Address Bus -MPX Mode 

Restart Address (LSB) 
Next Op Code 



— Continued — 
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Table 12 Cycle-by-Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 


Data Bus 


RELATIVE 


BCC BCS 
BEQ BGE 
BGT BHI 
BLE BLS 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 


3 


1 

2 
3 


Op Code Address+ 1 
FFFF 

j Branch Address Test=" 1 " 
( Op Code Address + 1 Test="0 " 


1 
1 

1 


Branch Offset 
Restart Address (LSB) 
First Op Code of Branch Routine 
Next Op Code 


BSR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer— 1 
Branch Address 


1 
1 



1 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Op Code of Subroutine 



■ LOW POWER CONSUMPTION MODE 

The HD6303R has two low power consumption modes; sleep 
and standby mode. 

• Sleep Mode 

On execution of SLP mstruction, the MPU is brought to the 
sleep mode. In the sleep mode, the CPU stops its operation, 
but the contents of the registers in the CPU are retained. In this 
mode, the peripherals of CPU will remain active. So the opera- 
tions such as transmit and receive of the SCI data and counter 
may keep in operation. In this mode, the power consumption 
is reduced to about 1/6 the value of a normal operation. 

The esca pe fr om this mode can be done by interrupt, RES, 
^TSY. The ItES resets the MPU and the STB? brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt routine. When the CPU has masked the interrupt, 
after recovering from the sleep mode, the next instruction of 
SLP starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 
CPU. 



This sleep mode is available to reduce an average power 
consumption in the applications of the HD6303R which may 
not be always running. 

• Standby Mode 

Bringing STBY "Low", the CPU becomes reset and all 
clocks of the HD6303R become inactive. It goes into the 
standby mode. This mode remarkably reduces the power con- 
sumptions of the HD6303R. 

In the standby mode, if the HD6303R is continuously sup- 
plied with power, the contents of RAM is retained. The standby 
mode should escape by the reset start. The following is the 
typical application of this mode. 

First, NSn routine stacks the CPU's internal information and 
the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the standby bit, and then goes into the standby 
mode. If the standby bit keeps set on reset start, it means that 
the power has been kept during stand-by mode and the contents 
of RAM is normally guaranteed. The system recovery may be 
possible by returning SP and bringing into the condition before 
the standby mode has started. The timing relation for each line 
in this application is shown in Figure 2 1 . 




' Stack rtgnttn 
} RAM control 
register set 



stabilizing 

restart 



Figure 21 Standby Mode Timing 
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■ ERROR PROCESSING 

When the HD6303R fetches an undefined instruction or 
fetches an instruction from unusable memory area, it generates 
the highest priority internal interrupt, that may protect from 
system upset due to noise or a program error, 

• Op-Cod« Error 

Fetching an undefined op-code, the HD6303R will stack the 
CPU register as in the case of a normal interrupt and vector to 
the TRAP ($FFEE, $FFEF), that has a second highest priority 
(RES is the highest). 

• Addrttt Error 

When an instruction is fetched from other than a resident 
RAM, or an external memory area, the CPU starts the same 
interrupt as op-code error. In the case which the instruction is 
fetched from external memory area and that area is not usable, 
the address error can not be detected. 

The address which cause address error are shown in Table 

13. 

This feature is applicable only to the instruction fetch, not to 
norma! read/write of data accessing. 

Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Figure 22. 

Figures 23, 24 show a system configuration. 
The system flow chart of HD6303R is shown in Figure 25. 




Figure 22 Transitions among Active Mode, Standby Mode, 
Sleep Mode, and Reset 



Table 13 Address Error 



Address Error 
$0000- $001 F 



HD6303R 

MPU 



f»TM 



Address Bus Oat« Bus 

Figure 23 HD6303R MPU Multiplexed Mode 



IT 



HD6303R MPU 



Address Bus D«te Bus 

Figure 24 HD6303R MPU Non-Multiplexed Mode 
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( RESET ') 





STACK 




PCL -H 


MSP 




PCH - 


MSP-1 




IXL - MSP-2 




IXH - MSP-3 




ACCA . 


MSP 4 




ACCB - 


MSP-5 




CCR - 


MSP-6 


WAI 








Figure 25 HD6303R System Flow Chart 
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■ PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 
TION CIRCUIT 

As shown in Fig. 26, tiiere is a case that the cross tallc dis- 
turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this. Crystal and Cl rnust be put as near the HD6303R as 
possible. 



Cl 



XTAL 
EXTAL 



Do not use this kind of print board design 

Figure 26 Precaution to the boad design 
of oscillation circuit 



— 20mm max — 




Avoid signal lines 
in this area 



(Top View) 

Fig. 27 Example of Oscillation Circuits in Board Design 

■ PIN CONDITIONS AT SLEEP AND STANDBY STATE 
• Sleep State 

The conditions of power supply pins, clock pins, input pins 
and E clock pin are the same as those of operation. Refer to 
Table 14 for the other pin conditions. 



• Standby State 

Only power supply pins and STBY are active. As for the 
clock pin EXTAL, its input is fixed internally so the MPU is 
not influenced by the pin conditions. XTAL is in "1" output. 
All the other pins are in high impedance. 



Table 14 Pin Condition in Sleep State 



Pin 


Mode 


Non Multiplexed Mode 


Multiplexed Mode 


P20 ~ P24 


Function 


I/O Port 


I/O Port 


Condition 


Keep the condition just before sleep 




Ao/Pio ~ 


Function 


Address Bus (Ao~A7) 


I/O Port 


A7/P17 


Condition 


Output "1" 


Keep the condition just before sleep 


As ~ Ai5 


Function 


Address Bus (Ag ~Ai5) 


Address Bus (Ag ^Ais) 


Condition 


. . 

Output "1" 




Do/Ao ~ 


Function 


Data Bus (Do~D7) 


E: Address Bus (Aq ~A7), E: Data Bus 


D7/A7 


Condition 


High Impedance 


E: Output "1", E: High Impedance 


R/W 


Function 


R/W Signal 


R/W Signal 


Condition 


Output "1" 




AS 






Output AS 
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Table 15 Pin Condition during RESET 



^^^"^'^^--^ Mode 
Pin ^^^^^---..^^^^ 


IMUI I I VI U 1 11 |Jlt; AtiU IVI LI\JC 


IWlii Iff nlp vpH Mncip 

IVI U i LI JJlC ACU IVI ^vJC 


P20 ~ P24 


High Impedance 

. 1 




Ao/Pio ~ A7/P17 


High Impedance 


- _ — - _ 




High Impedance 




Do/Ao ~ D7/A7 


High Impedance 


E "1" Output 
E "1 " Output 
(High Impedance) 


R/W 


"1" Output 






AS 


E . "1" Output 
E • High Impedance 





(Note) In the nfiultiplexed mode, the data bus is set to "1 " output state dui mg E = "1 " and it causes the conflict with the output of 
external nnemory Following 1 and 2 should be done to avoid the conflict, 

(1 ) Construct the system that disables the external memory during reset 

(2) Add 4 7 kn pull-down resistance to the AS pm to make AS pm "0" level during E = "1" This operation makes the 
data bus high impedance state 



■ DIFFERENCE BETWEEN HD6303 AND HD6303R 

The HD6303R is an upgraded version of the HD6303. The 
difference between HD6303 and HD6303R is shown in Table 
16. 



■ RECEIVE MARGIN OF THE SCI 

Receive margin of the SCI contained in the HD6303R is 
shown in Table 1 7 

Note SCI = Serial Communication Interface 



Table 16 Difference between HD6303 and HD6303R 


Table 17 




Item 


HD6303 


HD6303R 

Mode 2: Multiplexed 
Mode 

(Equivalent to Mode 4) 




Bit distortion 
tolerance 
(t-to) /to 


Character 
distortion tolerance 
(T-To) /To 


Operating 
Mode 


Mode 2- Not defined 


HD6303R 


±37 5% 


+3.75% 
-2.5% 


Electrical 
Character- 
istics 


The electrical character- 
istics of 2MHz version 
(B version) are not spec- 
ified. 


Some characteristics 
are improved. 
The 2MH2 version is 
guaranteed. 






Timer 


Has problem in output 
compare function. 
(Can be avoided by soft- 
ware.) 


The problem is solved. 







START 12 3 4 5 



Ideal Waveform 



Bit length [*-to—^ 
Character length Tq- 



7 8 STOP 



Real Waveform 



■ APPLICATION NOTE FOR HIGH SPEED SYSTEM 
DESIGN USING THE HD6303R 

This note describes the solutions of the potential problem 
caused by noise generation in the system using the HD6303R. 
The CMOS ICs and LSIs featured by low power consumption 



and high noise immunity are generally considered to be enough 
with simply designed power source and the GND line. 

But this does not apply to the applications configured of 
higli speed system or of high speed parts Such high speed sys- 
tem may have a chance to work incorrectly because of the noise 
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by the transient current generated during switching One of 
example is a system in which the HE)6303R directly accesses 
high speed memory such as the HM6264. The noise generation 
owing to the over current (Sometimes it may be several 
hundreds mA for peak level ) during switching may cause data 
write error 

This noise problem may be observed only at the Expanded 
Mode (Mode 1,2,4,5 and 6) of the HD6303R 



Assuming the HD6303R is used as CPU in a system 

I. Noise Occurrence 

If the HD6303R is connected to high speed RAM, a write 
error may occur As shown in Fig 28, the noise is generated in 
address bus during write cycle and data is written into an unex- 
pected address from the HD6303R This phenomenon causes 
random failures in systems whose data bus load capacitance 
exceeds the specification value (90 pF max.) and/or the impe- 
dance of the (}ND line is high 



X 



<:z::x 



Fig. 28 Noise Occurrence in address bus during write cycle 



If the data bus Dq ~ D7 changes from "FF" to "00", ex- 
tremely large transient current flows through the GND line 
Then the noise is generated on the LSI's Vgs pins proportioning 
to the transient current and to the impedance [Zg] of the GND 
line. 



Do- 



1 777 




j 

Cddt: Id 





-A. 



HD6303R 



Fig 29 Noise Source 

This noise level. Vp. appears on all output pins on the LSI 
including the address bus. 



Fig. 30 shows the dependency of the noise voltage on the each 
parameter. 





Vn Noise Voltage Zg GND Impedance 
Cd Data bus load capacitance 

N Number of data bus lines switching from H to L 



Fig 30 Dependency of the noise voltage on each parameter 

II. Noise Protection 

To avoid the noise on the address bus during the system 
operation mentioned before, there are two solutions as follows 

The one method is to isolate the HD6303R from peripheral 
devices so that peripherals are not affected by the noise The 
other IS to reduce noise level to the extent of not affecting peri- 
pherals using analog method. 
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1. Noise Isolation 

Addresses should be latched at the negative edge of the 
AS signal or at the positive edge of the E signal. The 74LS373 
is often used in this case. 



' D7 




A,5 



Additional Latch 
(74LS373 for 
noise isolation) 



2. Noise Reduction 

As the noise level depends on each parameter such Cd,Vcc, 
Zg, the noise level can be reduced to the allowable level by con- 
trolling those analog parameters. 

(a) Transient Current Reduction 

(1) Reduce the data bus load capacitance. If large load 
capacitance is expected, a bus buffer should be in- 
serted. 

(2) Lower the power supply voltage Vcc within specifi- 
cation. 

(3) Increase a time constant at transient state by insert- 
ing a resistor (100 ~ 2000) to Data Buses in series 
to keep noise level down. 

Table 18 shows the relationship between a series 
resistor and noise level or a resistor and DC/AC 
characteristics. 



V"--- ; 




1 








ROM 




RAM 




I/O 





Table 18. 



— — — Resistor 
Item " — 


No 


10012 


200f2 


Noise Voltage Level 


See Fig. 31 


DC Characteristics 


'OL 


1.6 mA 


1.6 mA 


1.0 mA 


AC 

Charac- 
teristics 


f = 1 MHz 


No change 


f = 1 5 MHz 


^ADL 


190 ns 


190 ns 


210 ns 


^ACCM 


395 ns 


395 ns 


375 ns 


f = 2 MHz 


^ADL 


160 ns 


180 ns 


200 ns 


^ASL 


20 ns 


20 ns 


ns 


^ACCM 


270 ns 


250 ns 


230 ns 



Fig 31 shows an example of the dependency of the noise 
voltage on the load capacitance of the data bus.* 



*Note The value of series resistor should be carefully selected because 
It heavily depends on each parameter of actual application 
system 



Maximum allowed 
load capacitance of 
the HD6303R 
specification 




50 100 
Data bus load capacitance Cd [pF] 



Fig. 32 shows the typical wave form of the noise. 



E pin 



— J** 25 ns 



Fig. 32 



Fig. 31 



HITACHI 

80 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD6303R, HD63A03R. HD63B03R 



(b) Reduction of GND line impedance 

(1) Widen the GND line width on the PC board. 

(2) Place the HD6303R close by power source. 



(3) Insert a bypass capacitor between the Vcc line and the 
GND of the HD6303R. A tantalum capacitor (about 
0.1/iF) is effective on the reduction. 




Memory 



(Recommended) 



Power 
Source 



IF 



Memory 



(Not recommended) 



Fig. 33 Layout of the HD6303R on the PC board 



■ WARNING CONCERNING POWER START UP 

RES must be held low for at least 20 ms when the power 
starts up. In this case, the internal reset func tion i s not effective 
until the oscillation begins at power-on. The RES signal is input 
to the LSI in synchronism with the internal clock (shown in 
Figure 34.) 

Therefore, after power starts up, the LSI conditions such as 
its I/O ports and operating mode, are unstable. Fix the level of 
I/O ports by means of an external circuit to determine the level 
for system operation during the oscillator stabilization time. 



■ WRITE-ONLY REGISTER 

When the CPU reads a write-only register, the read data is 
always $FF, regardless of the value in the write-only register. 
Therefore, be careful of the results of instructions which read a 
write-only register and perform an arithmetic or logical opera- 
tion on its contents, such as AIM, ADD, or ROL, is executed, 
because the arithmetic or logical operation is always done with 
the data $FF. In particular, don't use the AIM, OIM or EIM 
instruction to manipulate the DDR bit of PORT. 



RESp 




Figure 34 RES circuit 



■ NOTICE ON HD6303R 

The HD6303R is the same die as the HD6301V1. The on-chip 
Mask ROM is disabled by mask option; therefore not all modes of 
operation are available on the HD6303R. Please note that wherever 
HD6301V1 is referenced, the information also applies to the 
HD6303R. 



■ NOTICE ON HD6303R1 

The HD6303R has been upgraded to HD6303R1. Refer to the 
following figures for differences between the devices. All other 
characteristics remain the same. 
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■ DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 



Item 



HD6301V 



HD63701V0 



RAM Size: 128-byte 
Address: $0080-$00FF 



RAM Size: 192-byte 
Address: $0040-$00FF 



$0080 
$OOFF 



<21 



Reg i ster 

$0040 



$00FF 




Operation Mode 



Mode 4: Expanded Multiplexed Mode = Mode 2 



HD63701V0 does not have Mode 4 



After providing supply voltage, output level is undefined 
(0 or1 ) unless the contents of the Output Compare Register 
matches with those of the Free Running Counter. The Out- 
put Level Register is not initialized by reset. 



The Output Level Register is initialized to by reset. 



C 



Eput Compare] 
Register | 



Compare] | Free Running 1 



BitCountef I I Register 



Timer 



joulpul Comparej j Overtlow Delect j 



1°' I ICF |0CF| TOP I EICI |EOCltETOl|lEDO|OLVl| 





Figure 20 Programmable Timer Block Diagram 



Figure 20 Programmable Timer Block Diagram 



HD6301V1, HD6303R, 
HD63P01M1 



SCI 



When framing error occurs, 
receive data is not transfer- 
red from the Receive Shift 
Register to Receive Data 
Register (RDR). 



RDR 

m 



Receive Shift 
Register 



HD6303R1 



Receive data is transferred from Receive Shift Register to 
RDR even if framing error occurs. 



Receive data is transferred 
from Receive Shift Register 
to RDR even if framing error 
occurs. 
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DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued) 



HD6301V 



HD63701V0 



The DDR of port is reset synchronously with E clock I/O 
state IS undefined from providing power supply till oscillation 
start (max 20ms) 



Port Reset 







DR 


MCU 1 






Q D 










DDR 






Q 


D 

R 










I/O reset 



The DDR of port is reset asynchronously with E clock. CPU 
enters into high impedance state (input state) by bringing 
RES Low 

Reset release and MCU internal reset is performed synchro- 
nously with E clock 

C)<] — I 



STBY signal is latched synchronously with E clock 



Standby Mode 




STBY signal is latched asynchronously with E clock CPU 
enters into standby state by bringing STBY low 



HD63P01M1 



^1 r 



AS 
(Address 
Strobe) 



1 output Hj_2 



In Expanded Multiplexed 
Mode (mode 0, 2, 4 or 6), AS 
becomes high impedance 
state for a half E clock cycle 
during reset. 

Therefore, I/O Port 3 func- 
tions as data bus during re- 
set 



HD6301V1, HD6303R, 
HD6303R1 



=_rL 



1_ 



n 



1 r 



Dunng reset, AS functions 
normally. 



During reset, AS functions normally 



HD6301V1, HD6303R, 
HD6303R1 



The SCI receive margin is 
shown below. 



The SCI receive margin is 
shown below 



The SCI receive margin is shown below 
START 1 2 345678 STOP 



SCI Receive 
Margin 



Bit distortion 

tolerance 

(t-to)/to 


±37.5% 


Character 
distortion 
tolerance 

(T-To)n-o 


-1-3 5% 
-2.5% 



Bit distortion 

tolerance 

(t-to)/to 


±25% 


Character 
distortion 
tolerance 
(T~To)/To 


±3 75% 




Real 

Waveform 



Bit distortion tolerance (t-to)/to 


±37.5% 


Character distortion tolerance (T-To)/To 


±3.75% 
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■ DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued) 



Item 



HD6301V 



HD63701V0 



HD6301V1. HD6303R, 
HD6303R1 



Supply Voltage 



Vcc » 5V ± 10% 
(f = 0.1-2 MHz) 
Vcc = 3 ~ 6V 
(f = 0.1 ~ 0.5 MHz) 



HD63P01M1 



Vcc = 5V ± 10% 
(f = 0.1-1 MHz) 



Vcc = 5V ± 10% (f = 0.1-2 MHz) 



Address/Data 
Hold Time 

(^AH. ^HW) 



tyiVH = 20 ns min. 
tnw 20 ns min. 

t^H and ty^Yj are constant independently of operating fre- 
quency. 



UH' ^HW = 60 ns (f = 1 MHz) 
= 40ns(f = 1.5 MHz) 
= 30 ns (f = 2 MHz) 

t^H snd t^w af^® proportion to 1/f. (f = 



operating frequency) 



Address 
Delay 
Time 



(1) t^oi t;^Q2 are constant independently of operating 
frequency In HD63B01V (B version of HD6301V), t^oi 
and t/^Q2 are 160 ns max. at 0.1 MHz through 2 MHz 
operation. 

(2) ty^QL IS related to operating frequency (t^QL 'S in propor- 
tion to 1/f. f = operating frequency) 



^AD1' Ud2 Udl related to operating frequency (They 
are in proportion to 1/f. f = operating frequency). Therefore, 
if HO637B01V operates at lower operating frequency, t^oi* 
*AD2 Udl will become 160 ns or more. t^Di- tAD2 
Udl ^''^ calculated as follows. 

tAD(fMHz) = 250ns(1 MHz) x 1/f (MHz) 



'in and Cjn 
Of RES 



l,n = 1.0 nA max., C,n = 12.5 pF max. 



Ijn = 10/iAmax.C,n = 50 pF max. Since RES is multiplexed 
with Vpp, C,n and l,n are larger than those of HD6301V. 



Load 
Capacitance 
of E 



2 - LSTTL + 40pF 

Iql = 0.8 mA, Iqh = -200 nA 



1 - TTL + 90pF 

•OL = '••6 "^A, Iqh = -200 ^A 



Load 
Capacitance 
of Port 1 



1 - TTL + 30pF 



1 - TTL + 90pF 



Spec, of 
Crystal 
Oscillator 



Spec. 



Spec. 

R- = 600 max. 



Clock frequency (MHz) 


2.5 


4.0 


6.0 


8.0 


Rs max. (Q) 


500 


120 


80 


60 



Storage 
Temperature 



Tstn = -55 - + 150 ^C 
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■ DIFFERENCES BETWEEN HD6301 VI, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued) 





Item 


HD6301V 




HD63701VO 






HD6301V1, HD6303R 


HD6303R1. 
HD63P01M1 








. '\ / \_ 

AS / \ 










\ r 






Function 


GNO Noise 


" — < 1 y 

If load capacitance in each data line and 
GND impedance are large, noise may ap- 
pear on address bus during MCU write cy- 
cle and data won't be written into RAM cor- 
rectly. The noise is caused by GND 
impedance which becomes large when 
large transient current flows into GND at 
High to Low transition of data line. 


Noise is 
reduced 
by 33%. 


Noise is reduced by 50%. 




Miscellaneous 


Chip design and manufacturing process of the HD6301 V differ from those of the HD63701 VO. Therefore, actual spec, and 
margin are different between the HD6301 V and the HD63701 VO. Please carefully examine your system before applying 
HD6301V or HD63701 VO to your system. 
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H D6303X, H D63A03X, 

HD63B03X 

CMOS MPU (Micro Processing Unit) 



The HD6303X is a CMOS 8-bit micro processing unit (MPU) 
which includes a CPU compatible with the HD6301VI, 192 
bytes of RAM, 24 parallel I/O pins, a Serial Communication 
Interface (SCI) and two timers on chip 

■ FEATURES 

• Instruction Set Compatible with the HD6301 VI 

• 192 Bytes of RAM 

• 24 Parallel I/O Pins 
16 l/OPms-Port 2,6 

8 Input Pins-Port 5 

• Darlington Transistor Drive (Port 2, 6) 

• 16-Bit Programmable Timer 
Input Capture Register x 1 
Free Running Counter x 1 
Output Compare Register x 2 

• 8-Bit Reloadable Timer 

External Event Counter Square Wave Generation 

• Serial Communication Interface 

• Memory Ready 

• Halt 

• Error-Detection (Address Trap, Op-Code Trap) 

• Interrupts ... 3 External, 7 Internal 

• Up to 65k Bytes Address Space 

• Low Power Dissipation Mode 

Sleep Mode 
Standby Mode 

• Minimum Instruction Execution Time -0.5/is 
(f = 2.0 MHz) 

• Wide Range of Operation 

Vcc = 3~6V (f = 0.1 ~ 0.5 MHz). 

■f = 0.1 1.0MHz;HD6303X 
Vcc = 5V±10% f = 0.1 ~ 1.5 MHz; HD63A03X 

.f = 0.1 -2.0MHz; HD63B03X 



■ PROGRAM DEVELOPMENT SUPPORT TOOLS 

• Cross assembler and C compiler software for IBM PCs and 

compatibles 

• In circuit emulator for use with IBM PCs and compatibles 



HD6303XP,HD63A03XP 
HD63B03XP 




(DP-64S) 



HD6303XF,HD63A03XF, 
HD63B03XF 




(FP-80) 



HD6303XCP,HD63A03XCP, 
HD63B03XCP 




(CP-68) 



86 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD6303X. HD63A03X, HD63B03X 



PIN ARRANGEMENT 

• HD6303XP,HD63A03XP,HD63B03XP 



• HD6303XF,HD63A03XF,HD63B03XF 




[i]|gl|iirgim|gim|gll5imfgHillilf^mfil 




(Top View) 

► HD6303XCP,HD63A03XCP,HD63B03XCP 



[«j[«J|^lR]|Rj|«jy[«]lsJl^lsJ|sjy|sJl^|l) 
a.a.&a:o:a.(La.><<< 

(Top View) 



o 



aigiaiBigisiEigiBi^iaoiaiaiBiaia 



0.0.0.0.0.0.0.0. Z><<<<<<< 

(Top View) 



S9 03 
9 04 
aos 

a 06 
a 07 
a Nc 
a Ap 
a Ai 
a A2 
a A3 

19 A4 

a As 

Si Ae 

a A7 
a vss 

E Ae 
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■ BLOCK DIAGRAM 



Vcc 
Vss 
Vss 



p2o(Tin) 
P2i(Tout1) 
P22(SCLK) 

P23(RX) 
P24(TX) 
P25(T0Ut2) 
P26{T0Ut3) 
P27(Tclk) 




Address Bus Buffer 



















RD 
WR 

R/W 

cm 

BA 

Do 
D, 
D2 
D3 
D4 
Ds 
D« 

D; 



"A, 
• A2 
■A3 

■ A4 
-As 

■ Ae 
- A7 



-Aa 
■A9 
■A,o 
■An 
-A, 2 
■A, 3 
■A, 4 
■ A, 5 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3- +7.0 


V 


Input Voltage 


Vin 


-0.3- Vcc +0.3 


V 


Operating Temperature 


"''opr 


0-+70 


°C 


Storage Temperature 


^stg 


-55- +150 


°C 



(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 

But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vo^t^ ^ss ^ or Vgut^ = ^cc 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc = 5.0V±10%, Vss = OV, Ta = ~ +70°C. unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES,STBY 






Vcc-0-5 




Vcc 
+0.3 




Input "High" Voltage 


EXTAL 


V|H 




VccxO.7 




V 




Other Inputs 






2.0 






Input "Low" Voltage 


All Inputs 


V|L 




-0.3 




0.8 


V 


Input Leakage Current 


NMI, RES,STBY, 
MPo, MPi, Port 5 


Hml 


V,n = 0.5-Vcc-0.5V 






1.0 


MA 


Three State (off -state) 
Leakage Current 


Ao~A, ^, Do~D7, RD, 
WR,R/W,Port 2, Port 6 


HtsiI 


V,n = 0.5-Vcc-0.5V 






1.0 


ma 


Output "High" Voltage 


All Outputs 




loH = -200mA 


2.4 






V 


VOH 


loH = -10/iA 


Vcc-0.7 






V 


Output "Low" Voltage 


All Outputs 


Vol 


loL = 1.6mA 






0.4 


V 


Darlington Drive 
Current 


Ports 2, 6 


-•oh 


Vout= 1.5V 


1.0 




10.0 


mA 


Input Capacitance 


All Inputs 


C.n 


V,n = OV,f = 1MHz, 
Ta = 25°C 






12.5 


PF 


Standby Current 


Non Operation 


•sTB 






3.0 


15.0 


MA 








Sleeping (f = 1MHz**) 




1.5 


3.0 


mA 






'SLP 


Sleeping (f = 1.5MHz**) 




2.3 


4.5 


mA 


Current Dissipation* 






Sleeping (f = 2MHz**) 




3.0 


6.0 


mA 






Operating (f = 1MHz**) 




7.0 


10.0 


mA 






'cc 


Operating (f = 1.5MHz**) 




10.5 


15.0 


mA 








Operating (f = 2MHz**) 




14.0 


20.0 


mA 


RAM Standby Voltage 


Vram 




2.0 






V 



* V(H mm = Vcc"^ ^IL "^^^ = 8V , All output terminals are at no load 
** Current Dissipation of the operating or sleeping condition is proportional to the op>erating frequency. So the typ or max 
values about Current Dissipations at x MHz operation are decided according to the following formula, 

typ value (f = x MHz) = typ value (f=1MHz)xx 
max value (f = x MHz) = max value (f = 1MHz) x x 

(both the sleeping and operating) 
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• AC CHARACTERISTICS (Vcc = 5.0V±10%, Vss = OV, Ta = 0~+70°C, unless otherwise noted.) 



BUS TIMING 



Item 


by mbol 


Test 


HD6303X 


HD63A03X 


HD63B03X 


i Init 

unu 


Condition 


min 


typ 


max 


min 


typ 


max 


mm 


typ 


max 


Cycle Time 


tcyc 




1 




10 


0.666 




10 


0.5 




10 


US 


Enable Rise Time 


tEr 








25 






25 






25 


ns 


Enable Fall Time 


tEf 








25 






25 






25 


ns 


Enable Pulse Width "High" Level* 


PWeh 




450 


_ 


_ 


300 


_ 




220 


_ 




ns 


Enable Pulse Width "Low" Level* 


PWel 




450 


_ 


„ 


300 




_ 


220 


_ 




ns 


Address, H/W Delay Time* 


^AD 




_ 


_ 


^ 250 




„ 


190 


„ 




160 


ns 


Data Delay Time 


Write 


toDW 








200 






160 






120 


ns 


Data Set-up Time 


Read 


toSR 


Fig. 1 


80 






^70 






70 






ns 


Address, R/W Hold Time* 


tAH 


80 






50 






35 






ns 


Data Hold Time 


Write* 


tHW 




80 






50 






40 






ns 


Read 


^HR 







- 


- 


' 


- 


- 





- 


- 


ns 


RD,WR Pulse Width* 


PWrw 




450 






300 






220 






ns 


RD, WR Delay Time 


tpWD 








40 






40 






40 




RD,WR Hold Time 


^HRW 














30 






OK 


ns 


LiR Delay Time 










200 






160 






120 


ns 


LIR Hold Time 


^HLR 




10 






10 






10 






ns 


MR Set up Time* 


^SM R 




400 






280 






230 






ns 


MR Hold Time* 


^HMR 


Fig. 2 






90 






40 









ns 


E Clock Pulse Width at MR 


PWemr 








9 






9 






9 


/is 


Processor Control Set-up Time 


tpcs 


Fig. 3, 
10, 11 


200 






200 






200 






ns 


Processor Control Rise Time 


tpCr 


Fig 2,3 






100 






100 






100 


ns 


Processor Control Fall Time 


tpcf 






100 






100 






100 


ns 


BA Delay Time 


tBA 


Fig. 3 






250 






190 






160 


ns 


Oscillator Stabilization Time 


^RC 


Fig. 11 


20 






20 






20 






ms 


Reset Pulse Width 


PWrst 




3 






3 






3 






^cyc 



• These timings change in approximate proportion to tcyc The figures in this characteristics represent those when t^yc is minimum 
(= in the highest speed operation) 



PERIPHERAL PORT TIMING 



Item 


Symbol 


Test 
Condition 


HD6303X 


HD63A03X 


HD63B03X 


Unit 


min 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


Peripheral Data 
Set-up Time 


Ports 2, 5, 6 


^PDSU 


Fig. 5 


200 






200 






200 






ns 


Peripheral Data 
Hold Time 


Ports 2, 5. 6 


^PDH 


Fig 5 


200 






200 






200 






ns 


Delay Time (Enable 
Negative Transition to 
Peripheral Data Valid) 


Ports 2, 6 


tpWD 


Fig. 6 






300 






300 






300 


ns 
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TIMER, SCI TIMING 



Item 


Symbol 


Test 
Condition 


HD6303X 


HD63A03X 


HD63B03X 


Unit 


mm 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Timer 1 Input Pulse Width 


tpwT 


Fig. 8 


2 






2 






2 






tcyc 


Delay Time (Enable Positive 
Transition to Timer Output) 




Fig. 7 




_ 


400 






400 






400 


ns 


SCI Input 
Clock Cycle 


Async. Mode 


tscyc 


Fig. 8 


1.0 


- 


- 


1.0 


- 


- 


1.0 


- 


- 




Clock Sync. 


Fig. 4, 8 


2.0 






2.0 






2.0 






tcyc 


SCI Transmit Data Delay 
Time (Clock Sync. Mode) 


^TXD 


Fig. 4 


- 


- 


200 


- 


- 


200 


- 


- 


200 


ns 


SCI Receive Data Set-up 
Time (Clock Sync. Mode) 


tSRX 


290 


- 


- 


290 


- 


- 


290 


- 


- 


ns 


SCI Receive Data Hold Time 
(Clock Sync. Mode) 


^HRX 


100 


- 


- 


100 


- 


- 


100 


- 


- 


ns 


SCI Input Clock Pulse Width 


tpWSCK 


Fig. 8 


0.4 




0.6 


0.4 




0.6 


04 




0.6 


^Scyc 


Timer 2 Input Clock Cycle 


^tcyc 


2.0 






2.0 






2.0 






tcyc 


Timer 2 Input Clock Pulse 
Width 


tpWTCK 


200 






200 






200 






ns 


Timer 1-2, SCI Input Clock 
Rise Time 


tcKr 






100 






100 






100 


ns 


Timer 1-2, SCI Input Clock 
Fall Time 


tcKf 






100 






100 






100 


ns 
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Figure 1 Bus Timing 



8V 



2 OV^r 



Figure 2 Memory Ready and E Clock Timing 
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Last Instruction 
Execution Cycle 



HALT Cycle 



instruction Execution 
Cycle 




Figure 3 HALT and BA Timing 



Synchronous Clock 



Transmit Data 



A°ix A_ 



\ / W_J \ 



X 



* 2.0V IS high level when clock input 
2 4\/ IS high level when clock output 



Figure 4 SCI Clocked Synchronous Timing 



tPDSU 

P20 P27 X-TTTX- 

Peo P67 2-8y/ 
(Inputs) 



MPU Read 



2 4V;| 

8V/ 



Data Valid 



"V 



I — MPU Write 
8v \ / " 



"roev 



P20~P27 
Pec - P67_ 

(Outputs) 



) (2^>ata Vahd 



Figure 5 Port Data Set-up and Hold Times (mpu Read) 



Figure 6 Port Data Delay Times (MPU Write) 
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Timer 1 
FRC 

P2S 
Outputs 




V Compare V 


A Matched A 


H tTOD 




i 






rO 8V 





^2 4V \^ 








— *TOD-*l 



P26 Output _ 



X 



2 4V 
08V 



(a) Timer 1 Output Timmg 



(b) Timer 2 Output Timing 



Figure 7 Timer Output Timing 



2 OV-T 
8vj/ 



• Timer 2, ttcyc 
SCI , tScyc 



* • Timer 1 , tpwT 
Timer 2, tpwTCK 
SCI ,tpwsCK 



Test Point a 




Rl = 2 2kQ 



1S2074(B) 
C X I R ! [ or Equiv 



C=90pF for Do~D7, Ao~Aj^, E _ 

=30pF for Port 2, Port 6, RD, WR, R/W, BA, LIR 
R=12kn 



Figures Timer 1*2, SCI Input Clock Timing 



Figure 9 Bus Timing Test Loads (TTL Load) 



NMI, iR?!ri 
IRQj IRQ3 



jnj^lJ~LJTJlJnJTJlJTJlJTJl^^ 

XZDCDCZX: 

Op Code Op Code FFFF SP SP 1 SP 2 SP 3 SP 4 SP 5 SP 6 y^SiT' 



xzDczxiDczx: 



Op Code Op Code FFFF SP SP 1 SP 2 SP 3 SP 4 SP 5 SP 6 y«c»o' JJ*^ 

Address Address +1 ^^JSB LSB PC 

Address Address Address 



D< X X X — X ZDCZXZDC 



Op Operand Irrelevant PCO - PCS ~ 1X0- 1X8 ACCA ACCB CCR Vector Vector First Inst of 
Code Op Code Data PC7 PC15 1X7 1X15 . 



XZDC 



MSB LSB Interrupt Routine 



Figure 10 Interrupt Sequence 
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■ar"u~LrurLrL 

-5 5V 




~>— — MM 


-TLrm 








^ 'RC ^ 




r ^cc osv 


! 


3 h-- 




X3. 



CK>-CKI 



PCS PCO- First 

PCI 5 PC7 Instruction 



Figure 1 1 Reset Timing 



■ FUNCTIONAL PIN DESCRIPTION 

• Vcc.Vss 

Vcc and Vss provide power to the MPU with 5V± 10% sup- 
ply. In the case of low speed operation (fmax = 500kHz), the 
MPU can operate with three through six volts. Two Vss P"^s 
should be tied to ground. 

• XTAL, EXTAL 

These two pins interface with an AT -cut parallel resonant 
crystal Divide-by-four circuit is on chip, so if 4MHz crystal 
oscillator is used, the system clock is IMHz for example. 

AT Cut Parallel Resonant Crystal Oscillator 

Co=7pF max 
Rs = 60Q max 



XTAL 



EXTAL 



T 



1 



Cl2: 



Figure 12 Crystal Interface 



Cli =Cl2 

- lOpF - 22pF ' 20^0 
(3 2 -8MHz) 

Cli 



EXTAL pin can be drived by the external clock of 45 to 
55% duty, and one fourth frequency of the external clock 
is produced in the LSL The external clock frequency should 
be less than four times of the maximum operable frequency 
When using the external clock, XTAL pin should be open 
Fig. 12 shows an example of the crystal interface The crystal 
and Cli » Cl2 should be mounted as close as possible to XTAL 



and EXTAL pins. Any line must not cross the line between the 
crystal oscillator and XTAL, EXTAL. 



• STBY 

This pin makes the MPU standby mode. In "Low" level, the 
oscillation stops and the mternal clock is stabilized to make 
reset condition To retain the contents of RAM at standby 
mode, "0" should be written into RAM enable bit (RAME). 
RAME IS the bit 6 of the RAM/port 5 control register at $0014. 
RAM IS disabled by this operation and its contents is sustained 

Refer to "LOW POWER DISSIPATION MODE" for the 
standby mode. 

• Reset (RES) 

This pin resets the MPU from power OFF state and pro- 
vides a startup procedure During power-on, RES pin must 
be held "Low" level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM 
and the data register of a port are not initialized during reset, 
so their contents are unknown in this proc edure . 

To reset the MPU during operation, RES should be held 
"Low" for at least 3 system-clock cycles. At the 3rd cycle 
during "Low" level, all the address buses become "High". When 
RES remams "Low", the address buses keep "High". If RES 
becomes "High", the MPU starts the next operation. 

(1) Latch the value of the mode program pms;MPo and MPi . 

(2) Initialize each mternal register (Refer to Table 3) 

(3) Set the mterrupt m ask b it . For the CPU to recognize the 
maskable interrupts IRQ, , IRQj and IRQ3 , this bit should 
be cleared in advance. 

(4) Put the contents (= start address) of the last two addresses 
(SFFFE, SFFFF) into the program counter and start the 
program from this address (Refer to Table 1). 

*The MPU IS usable to accept a reset input until the clock 
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becomes normal oscillation after power on (max. 20ms). During 
this transient time, the MPU and I/O pins are undefined. Please 
be aware of this for system designing. 

• Enable (E) 

This pin provides a TTL-compatible system clock to external 
circuits. Its frequency is one fourth that of the crystal oscillator 
or external clock. This pin can drive one TTL load and 90pF 
capacitance. 

• Non-Maskabie Interrupt (NMI) 

When the falling edge of the mput signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence mternally. 
As well as the IRQ mentioned below, the instruction being 
executed at NMI signal detection will proceed to its completion. 
The interrupt mask bit of the condition code register doesn't 
affect non-maskable interrupt at all. 

When starting the acknowledge to the NMI, the contents of 
the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 
of this sequence, a vector is fetched from $FFFC and $FFFD 
to transfer their contents into the program counter and branch 
to the non-maskable interrupt service routine 
(Note) After reset start, the stack pointer should be initialized 
on an appropreate memory area and then the falling edge 



should be input to NMI pin. 

• Interrupt Request (IROTi , IRQ^) 

These are level-sensitive pins which request an internal 
interrupt sequence to the CPU. At mterrupt request, the CPU 
will complete the current instruction before its request acknowl- 
edgement. Unless the interrupt mask in the condition code 
register is set, the CPU starts an interrupt sequence; if set, the 
interrupt request will be ignored. When the sequence starts, the 
contents of the program counter, index register, accumulators 
and condition code register will be saved onto the stack, then 
the CPU sets the interrupt mask bit and will not acknowledge 
the maskable request. Durmg the last cycle, the CPU fetches 
vectors depicted in Table 1 and transfers their contents to the 
program counter and branches to the service routine. 

The CPU uses the external interrupt pins, IRQi" and IRQ2 , 
also as port pms Pso and P51, so it provides an enable bit to 
Bit and 1 of the RAM port 5 control register at $0014 Refer 
to "RAM/PORT 5 CONTROL REGISTER" for the details. 

When one of the internal interrupts, ICI, OCI, TO I, CM I or 
SIO is generated, the CPU produces internal mterrupt signal 
(IRQ3) IRQ3 functions just the same as IRQ, or IRQ^ except 
for its vector address. Fig 13 shows the block diagram of the 
interrupt circuit. 



Table 1 Interrupt Vector Memory Map 



Priority 


Vector 


Interrupt 


MSB 


LSB 


Highest 
Lowest 


FFFE 


FFFF 


RES 


FFEE 


FFEF 


TRAP 


FFFC 


FFFD 


NMI 


FFFA 


FFFB 


SWI (Software Interrupt) 


FFF8 


FFF9 


Tro, 


FFF6 


FFF7 


ICI (Timer 1 Input Capture) 


FFF4 


FFFB 


OCI (Timer 1 Output Compare 1, 2) 


FFF2 


FFF3 


TOI (Timer 1 Overflow) 


FFEC 


FFED 


CMI (Timer 2 Counter Match) 


FFEA 


FFEB 


IRQ2 


FFFO 


FFF1 


SIO (RDRF+ORFE+TDRE) 
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Each Register s Inteirupt 
Enable Flag 

"1", Enable, "0", Disable 




ORFE 
TORE 



Address Error 


TRAP 


Op Code Error 




Detective Circuit 





Figure 13 Interrupt Circuit Block Diagram 



• Mode Program (MPq , MP , ) 

To opeiate MPU, MPq pin shouM be connected to ''Higli" 
level and MP, should be c(^nnected to "'Low ' level (lefei to 
Fig 1^) 

• Read/Wr«te (R/W) 

This sjgnal, usually be m read state ("High"), shows whether 
the CPU IS m read ("High") or write ("Low") state to the 
peripheral or memory devices This can drive one ITL load 
and 30pr capacitance 

• RD,WR 

These signals show active low outputs when the CPU is 
reading/writing to the peripherals or memories This enables 
the CPU easy to access the peripheral LSI with RD and WR 
input pins These pms can dr've one TTL load and 30pF capaci- 
tance 

• Load Instruction Register (LIR) 

This signal shows the mstruction opecode being on data 
bus (active low) This pin can drive one TTl load and 30pF 
capacitance 

• Memory Ready (MR, P52) 

This is the input control signal which stretches the system 
clock's "High" period to access low-speed memories. Durmg 
this signal is in "High", the system clock operates m normal 
sequence But this signal m "Low", the "High" period of the 
system clock will be stretched depending on its "Low" level 
duration in integral multiples of the cycle time Fhis allows the 
CPl- to uitcilace with low-speed memories (see Fig 2) Up to 
9 JUS can be stretched 

During interna! address space access or ncvnvahd menu)i> 



access, MR is prohibited internally to prevent decrease of oper- 
ation speed Even in the halt state, MR can also stretch "High" 
period of system clock to allow peripheral devices to access 
low-speed memories. As this signal is used also as Psj , an enable 
bit IS provided at bit 2 of the RAM/port 5 control register at 
$0014. Refer to "RAM/PORT 5 CONTROL REGISTER" for 
more detads 

• Halt (PlALT; P53) 

This IS an input control signal to stop mstruction execution 
and to release buses When this signal switches to "Low", the 
CPU stops to enter into the halt state after having executed 
the present instruction When entermg into the halt state, it 
makes BA (P74) "High" and also an address bus, data bus, RD, 
WR, R/W high impedance When an interrupt is generated 
in the halt state, the CPU uses the interrupt handler after the 

halt is cancelled 

(Note) 1 Please don't switch the FIALT signal to "Low" when 
the CPU executes the WAI instruction and is in the 
interrupt wait state to avoid the trouble of the CPU's 
operation aftei the halt is cancelled. 

2 When power is supplied with the condition that 
HALT is "low", MCU ca nnot som etimes release the 
reset c ondition, even if R ESET b ecomes "High". 
HALT should be low before RESET rises up. 

• Bus Available (BA) 

This is an output control sign al whic h is normally "Low" 
but "High" when the CPU accepts HALT and releases the buses. 
The HD6800 and HD6802 make BA "High" and release the 
buses at WAI execution, while the HD6303 X does n't make 
BA "High" under the same condition. But if the HALT becomes 
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"Low" when the CPU is in the interrupt wait state after having 
executed the WAI, th e CPU makes BA "High" and releases the 
buses. And when the HALT becomes "High", the CPU returns 
to the interrupt wait state. 

■ PORT 

The HD6303X provides three I/O ports. Table 2 gives the 
address of ports and the data direction register and Fig. 14 
the block diagrams of each port. 



Table 2 Port and Data Direction Register Address 



Port 


Port Address 


Data Direction Register 


Port 2 


$0003 


$0001 


Port 5 


$0015 




Port 6 


$0017 


$0016 



• Port 2 

An 8-bit input/output port. The data direction register 
(DDR) of port 2 controls the I/O state. It provides two bits; 



bit decides the I/O direction of P20 and bit 1 the I/O direc- 
tion of P21 to P27 ("0" foi input, "1" for output). 

Port 2 is also used as an I/O pin for the timers and the 
SCI. When used as an I/O pin for the timers and the SCI, port 
2 except P20 automatically becomes an input or an output 
depending on their functions regardless of the data direction 
register's value. 

Port 2 Data Direction Register 



7 


6 


5 


4 


3 


2 


1 

















DDR 

1 ~ 7 


DDR 




$0001 



A reset clears the DDR of port 2 and configures port 2 as an 
input port. This port can drive one TTL and 30pF capaci- 
tance. In addition, it can produce 1mA current when Vout = 
1 .5V to drive directly the base of Darlington transistors. 



Port Write Signal 

I Port Output Enable 



Port Write Signal 



Tinner 1, 2.__ 
SCI Output 



C 

D Q 



Timer, SCI 
Output Enable 



Port Read Signal 



;ci 

hie I 



Timer 1 , 2._ 
SCI Input 



Port 2 
Port Read Signal 



Tri-state 
Control 




Port 6, Port 2 (Bit 0) 



Port 5 



Figure 14 Port Block Diagram 



• Ports 

An 8-bit port for input only. The lo wer fou r bits are also 
usable as input pins for interrupt, MR and HALT. 

• Porte 

An 8-bit 1/0 port. This port provides an 8-bit DDR corre- 
sponding to each bit and can specify input or output by the 
bit ("0" for input, "1" for output). This port can drive one 
TTL load and 30pF capacitance. A reset clears the DDR of port 
6. In addition, it can produce 1mA current when Vout = 1-5V 
to drive directly the base of Darlington transistors. 

■ BUS 

• Do~D7 

These pins are data bus and can drive one TTL load and 
90pF capacitance respectively. 

• Ao^Ajs 

These pins are address bus and can drive one TTL load and 
90pF capacitance respectively. 



■ RAM/PORT 5 CONTROL REGISTER 

The control register located at $0014 controls on-chip 
RAM and port 5. 

RAM/Port 5 Control Register 



7 


6 


5 


4 


3 


2 


1 





ST BY 
PWR 


RAME 






HLTE 


MRE 


IRQ? 
E 


IRQi 
E 



$0014 



BitO, Bit 1 IRQ,, IRQ2 Enable Bit (IRQ,E, IRO2E) 

When using Pso and P51 as interrupt pins, write "1" in 
these bits. When "0", the CPU doesn't accept an external 
interrupt or a sleep cancellation by the external interrupt. 
These bits become "0" during reset. 

Bit 2 Memory Ready Enable Bit (MRE) 

When using Ps2 as an input for Memory Ready signal, write 
"I" in this bit. When "0". the memory ready function is pro- 
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hibited and can be used as I/O port This bit becomes 
"1" during reset. 

Bit 3 Halt Enable bit (HLTE) 

Wlicn using P53 as an input foi Halt signal, write "1" in this 
bit. When "0", the halt function is prohibited and P53 can be 
used as I/O port. This bit becomes "1" during reset. 
(Note) When using P52 and Ps3 as the input ports in mode 1 

and 2, MRE and HLTE bit should be cleared just after 

the reset. 

Notice that memory ready and halt function is enable 
till MRE and HLTE bit is cleared 

Bit 4, Bit 5 Not Used. 

Bite RAM Enable (RAME) 

On-chip RAM can be disabled by this control bit By re- 
setting the MPU, "1" is set to this bit, and on-chip RAM is 
enabled. This bit can be written "1" or "0" by software. When 
RAM is in disable condition (= logic "0"), on-chip RAM is 
invahd and the CPU can read data from external memory. 
This bit should be "0" before getting into the standby mode to 
protect on-chip RAM data. 

Bit 7 Standby Power Bit (STBY PWR) 

When Vcc is not provided in standby mode, this bit is 
cleared. This is a flag for both read/write by software. If this bit 
is set before standby mode, and remains set even after returning 
from standby mode, Vcc voltage is provided during standby 



Table 3 Internal Register 



Address 


Registers 


R/W*** 


Initialize at RESET 


00 








01 


Port 2 Data Direction Register 


W 


$FC 


02* 








03 


Port 2 


R/W 


Undefined 


04* 








05 








06* 








07* 








08 


Timer Control/Status Register 1 


R/W 


$00 


09 


Free Running Counter ("High") 


R/W 


$00 


OA 


Free Running Counter ("Low") 


R/W 


$00 


OB 


Output Compare Register 1 ("High") 


R/W 


$FF 


OC 


Output Compare Register 1 ("Low") 


R/W 


$FF 


OD 


Input Capture Register ("High") 


R 


$00 


OE 


Input Capture Register ("Low") 


R 


$00 


OF 


Timer Control/Status Register 2 


R/W 


$10 


10 


Rate, Mode Control Register 


R/W 


$00 


11 


Tx/Rx Control Status Register 


R/W 


$20 


12 


Receive Data Register 


R 


$00 


13 


Transmit Data Register 


W 


$00 


14 


RAM/Port 5 Control Register 


R/W 


$7Cor $FC 


15 


Port 5 


R 




16 


Port 6 Data Direction Register 


W 


$00 



(continued) 



mode and the on-chip RAM data is valid 



RES — 
S TBY — 
NMI — 
Port 2 /IN 
8 1/0 Lines /^-^ 
Timer 1 2 \rv 
SCI 

Port 5 i\ 

8 Ingu t Lines Q ^ 



. TO 
MR HToT 




Figure 15 Operation Mode 



■ MEMORY MAP 

The MPU can address up to 65k bytes Fig 16 gives meinory 
map of HD6303X. 32 internal registers use addresses from "00" 
as shown in Tabic 3 
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Table 3 Internal Register 



Address 


Registers 


p aa/* • * 
n/W 


Initialize at RESET 


17 


Port 6 


R/W 


Undefmed 


18* 








19 


Output Compare Register 2 ("High") 


n/W 


«>rr 


1A 


Output Compare Register 2 ("Low") 


R/W 


$FF 


IB 


Timer Control/Status Register 3 


R/W 


$20 


1C 


Time Constant Register 


W 


$FF 


ID 


Timer 2 Up Counter 


R/W 


$00 


IE 








IF** 


Test Register 







' External Address 

* Test Register Oo not access to this register. 

• R : Read Only Register 
W : Write Only Register 
R/W : Read/Write Register 



HD6303X 
Expanded Mode 




SFFFF 



Internal* 
Registers 
External 
Memory 
Space 

Internal 
RAM 



External 
Memory 
Space 



• Excludes the following addresses 
which may be used externally: 
$02, $04, $06, $07, $18 



Figure 16 HD6303X Memory Map 

■ TIMER 1 

The HD6303X provides a 16-bit programmable timer which 
can simultaneously measure an mput waveform and generate 
two independent output waveforms. The pulse widths of both 
input/output waveforms vary from microseconds to seconds. 

Timer 1 is configurated as follows (refer to Fig. 18) 

• Control/Status Register 1 (8 bit) 

• Control/Status Register 2 (7 bit) 

• Free Running Counter (16 bit) 

• Output Compare Register 1 (16 bit) 

• Output Compare Register 2(16 bit) 

• Input Capture Register ( 1 6 bit) 

• Free Running Counter (FRO ($0009 : OOOA) 

The key timer element is a 16-bit free-running counter driven 



and incremented by system clock. The counter value is readable 
by software without affecting the counter. The counter is 
cleared by reset. 

When writing to the upper byte ($09), the CPU writes the 
preset value ($FFF8) into the counter (address $09, $0A) 
regardless of the write data value. But when writing to the 
lower byte ($0A) after the upper byte writing, the CPU writes 
not only the lower byte data into lower 8 bit, but also the 
upper byte data into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it 
by double store instructions (STD, STX etc.). 



$09 Write 





($5A) 


($F3) 




i 












1 



Counter value ; $FFF8 ; $5AF3 

In the case of the CPU write ($5AF3) to the FRC 
Figure 1 7 Counter Write Timing 

• Output Compare Register (OCR) 

($000B, $000C; 0CR1 ) ($0019, $001 A ; 0CR2) 

The output compare register is a 16-bit read/write register 
which can control an output waveform. The data of OCR is 
always compared with the FRC. 

When the data matches, output compare flag (OCF) in the 
timer control/status register (TCSR) is set. If an output enable 
bit (OE) in the TCSR2 is "1", an output level bit (OLVL) in 
the TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2) 
of port 2. To control the output level again by the next com- 
pare, the value of OCR and OLVL should be changed. The 
OCR IS set to $FFFF at reset. The compare function is inhibited 
for a cycle just after a write to the OCR or to the upper byte 
of the FRC. This is to begin the comparison after setting the 
16-bit value valid in the register and to inhibit the compare 
function at this cycle, because the CPU writes the upper byte 
to the FRC, and at the next cycle the counter is set to $FFF8, 
* For data write to the FRC or the OCR. 2-bytc transfer 
instruction (such as STX etc ) should be used. 

• Input Capture Register (ICR) ($0000 : OOOE) 

The input capture register is a 16-bit read only register which 
stores the PRC's value when external input signal transition 
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generates an input capture pulse. Such transition is controlled 
by input edge bit (lEDG) in the TCSRl . 

In order to input the external input signal to the edge 
detecter, a bit of the DDR corresponding to bit of port 2 
should be cleared ("0"). When an input capture pulse occurs 
by the external input signal transition at the next cycle of CPU's 
high-byte read of the ICR, the input capture palse will be de- 
layed by one cycle. In order to ensure the input capture oper- 
ation, a CPU read of the ICR needs 2-byte transfer instruction. 
The input pulse width should be at least 2 system cycles. This 
register is cleared ($0000) during reset 

• Timer Control/Status Register 1 (TCSRl) ($0008) 

The timer control/status register 1 is an 8-bit register. All bits 
are readable and the lower 5 bits are also writable. The upper 3 
bits are read only which indicate the following timer status. 
Bit 5 The counter value reached to $0000 as a result of 

counting-up (TOF) 
Bit 6 A match has occured between the PRC and the OCR 1 

(OCFl) 

Bit 7 Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 
The followings are each bit descriptions. 



Timer Control/Status Register 1 

7 6 5 4 3 2 1 



ICF 


OCFl 


TOF 


EICI 


E0CI1 


ETOI 


lEDG 


0LVL1 



BitO 0LVL1 Output Level 1 

OLVLl is transferred to port 2, bit 1 when a match 
occurs between the counter and the OCRl. If bit of 
the TCSR2 (OEl) is set to "1", OLVLl will appear at 
bit 1 of port 2 

Bit 1 lEDG Input Edge 

This bit determines which edge, rising or falling, of 
input signal of port 2, bit will trigger data transfer 
from the counter to the ICR. For this function, the 
DDR corresponding to port 2, bit should be cleared 
beforehand 

!EDG=0, triggered on a falling edge 

("High" to "Low") 
!EDG=1 , triggered on a rising edge 
("Low" to "High") 
Bit 2 ETOI Enable Timer Overflow Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
TOI interrupt is enabled When cleared, the interrupt is 
inhibited 

Bit 3 EOC1 1 Enable Output Compare Interrupt 1 

Wlien this bit is set. an internal interrupt (IRQ3) by 
OCIl interrupt is enabled. When cleared, the interrupt 
IS inhibited. 

Bit 4 EICI Enable Input Capture Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
ICI interrupt is enabled. When cleared, the interrupt is 
inhibited. 
Bit 5 TOF Timer Overflow Flag 

This read-only bit is set when the counter incre- 
ments from SFFFF by 1. Cleared when the counter's 
upper byte ($0009) is ready by the CPU after the 
TCSRl read 
Bit 6 OCFl Output Compare Flag 1 

This read-only bit is set when a match occurs be- 
tween the OCRl and the PRC. Cleared when writing 



to the OCRl ($000B or $000C) after the TCSRl or 
TCSR2 read. 
Bit 7 ICF Input Capture Flag 

This read-only bit is set when an input signal of 
port 2, bit makes a transition as defined by lEDG and 
the PRC IS transferred to the ICR. Cleared when reading 
the upper byte ($000D) of the ICR following the 
TCSRl or TCSR2 read. 

• Timer Control/Status Register 2 (TCSR2) ($000F) 

The timer control/status register 2 is a 7-bit register. All bits 
are readable and the lower 4 bits are also writable. But the 
upper 3 bits are read-only which indicate the following timer 
status. 

Bit 5 A match has occured between the PRC and the 0CR2 
(CX:P2). 

Bit 6 The same status flag as the OCFl flag of the TCSRl, 
bit 6. 

Bit 7 The same status flag as the ICF flag of the TCSRl , bit 7 . 
The followings are the each bit descriptions. 



Timer Control/Status Register 2 



7 


6 


5 


4 


3 


2 


1 





ICF 


OCFl 


0CF2 


- 


E0CI2 


0LVL2 


0E2 


OEl 



BitO OEl Output Enable 1 

This bit enables the OLVLl to appear at port 2, bit 
I when a match has occurred between the counter and 
the output compare register I When this bit is cleared, 
bit 1 of port 2 will be an I/O port. When set, it will be 
an output of OLVLl automatically. 

Bit 1 0E2 Output Enable 2 

This bit enables the 0LVL2 to appear at port 2, bit 
5 when a match has occurred between the counter and 
the output compare register 2. When this bit is cleared, 
port 2, bit 5 will be an I/O port. When set, it will be an 
output of 0LVL2 automatically. 

Bit 2 0LVL2 Output Level 2 

0LVL2 IS transferred to port 2, bit 5 when a match 
has occurred between the counter and the 0CR2. If 
bit 5 of the TCSR2 (0E2) is set to "1", 0LVL2 will 
appear at port 2, bit 5. 

Bit 3 E0CI2 Enable Output Compare Interrupt 2 

When this bit is set, an internal interrupt (IRQ3) by 
0CI2 mterrupt is enabled. When cleared, the interrupt 
is inhibited. 

Bit 4 Not Used 

Bit 5 0CF2 Output Compare Flag 2 

This read-only bit is set when a match has occurred 
between the counter and the 0CR2. Cleared when 
writing to the 0CR2 ($0019 or $001 A) after the TCSR2 
read. 

Bit 6 OCFl Output Compare Flag 1 
Bit 7 ICF Input Capture Flag 

OCFl and ICF addresses are partially decoded. 
The CPU read of the TCSRl /TCSR2 makes it possible 
to read OCFl and ICF into bit 6 and bit 7. 
Both the TCSRl and TCSR2 wUl be cleared during reset. 
(Note) If OEl or 0E2 is set to "1" before the first output 
compare match occurs after reset restart, bit 1 or bit 5 
of port 2 will produce "0" respectively. 
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HD6303X Internal Date Bus 



$0B. $0C 



Output Compare 
Register 2 



Output Compare 2 



Output Compare 
Register 1 

I I 



31 



$09, $0A 



Free Running 
1 6 Bit Counter 



Output Compare 1 



ICF joC 



Overflow Detect 



TCSRl 
$08 



ICF 


0CF1 


0CF2 




E0CI2 


0LVL2 


0E2 


0E1 



$00. $0E 



Input Capture 
Register 



7 



Edge Detect 



CLK 
R 

— C 




Figure 18 Timer 1 Block Diagram 



■ TIMER 2 

In addition to the timer 1 , the HD6303X provides an S-bit 
reloadable timer, which is capable of counting the external 
event. This timer 2 contains a timer output, so the MPU can 
generate three independent waveforms (refer to Fig. 19). 
The timer 2 is configured as follows. 
Control/Status Register 3 (7 bit) 
8-bit Up Counter 
Time Constant Register (8 bit) 

• Timer 2 Up Counter {T2CNT) ($001 D) 

This IS an 8-bit up counter which operates with the clock 
decided by CKSO and CKSl of the TCSR3. The CPU can read 
the value of the counter without affecting the counter. In ad- 
dition, any value can be written to the counter by software 
even during counting. 

The counter is cleared when a match occurs between the 
counter and the TCONR or during reset. 

If a write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 



• Time Constant Register (TCONR) ($001C) 

The time constant register is an 8-bit write only register. It 
is always compared with the counter. 

When a match has occurred, counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOSl of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane- 
ously and then start counting from $00. This enables regular 
interrupts and waveform outputs without any software support. 
The TCONR is set to "$FF" during reset. 

• Timer Control/Status Register 3 (TCSR3) ($001 B) 

The timer control/status register 3 is a 7-bit register. All bits 
are readable and 6 bits except for CMF can be written. 
The foUowings are each pin descriptions. 

Timer Control/Status Register 3 



7 


6 


5 


4 


3 


2 


1 





CMF 


ECMI 




T2E 


TOSl 


TOSO 


CKSl 


CKSO 



102 
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HD6303X Internal Data Bus 



Time 
Constant 
Register 



1^ 



Compare 



-Timerl FRC 




Clock 



IRQ3 



Input 
Clock 
Select 



Output 

Level 

Control 



- Port 2 
Bit 7 



- Port 2 
Bit 6 



CMF 


ECMI 




T2E 


T0S1 


TOSO 


CKS1 


CKSO 



TCSR3 
$001 B 



Figure 19 Timer 2 Block Diagram 



BitO CKSO Input Clock Select 

Bit 1 CKS1 Input Clock Select 1 

Input clock to the counter is selected as shown in 
Table 4 depending on these two bits. When an external 
clock is selected, bit 7 of port 2 will be a clock input 
automatically. Timer 2 detects the rising edge of the 
external clock and increments the counter. The external 
clock is countable up to half the frequency of the 
system clock 

Table 4 Input Clock Select 



Table 5 Timer 2 Output Select 



CKS1 


CKSO 


Input Clock to the Counter 








E clock 





1 


E clock/8* 


1 





E clock/128* 


1 


1 


External clock 



if one of these clocks 
the CPU should not 



• These clocks come from the FRC of the timer 1 
IS selected as an input clock to the up counter, 
write to the FRC of the timer 1 

Bit 2 TOSO Timer Output Select 

Bits T0S1 Timer Output Select 1 

When a match occurs between the counter and the 
TCONR timer 2 outputs shown in Table 5 will appear at 
port 2, bit 6 depending on these two bits When both 
TOSO and TOSl aie "0", bit 6 of port 2 will be an I/O 
port. 



TOSl 


TOSO 


Timer Output 








Timer Output Inhibited 





1 


Toggle Output* 


1 





Output "0" 


1 


1 


Output "1" 



• When a match occurs between the counter and the TCONR, timer 2 
output level is reversed This leads to production of a square wave with 
50% duty to the external without any software support 

Bit 4 T2E Timer 2 Enable Bit 

When this bit is cleared, a clock input to the up 
counter is prohibited and the up counter stops. Wlten set 
to "r\ a clock selected by CKSl and CKSO (Table 4) 
IS input to the up counter 
(Note) P26 outputs "0" when T2E bit cleared and timer 2 set 
in output enable condition by TOSl or TOSO. It also 
outputs "0" when T2E bit set "1" and timer 2 set in 
output enable condition before the first counter match 
occurs 
Not Used 

ECMI Enable Counter Match Interrupt 

When this bit is set. an internal interrupt (IRQ3) by 
CMI is enabled When cleared, the interrupt is inhibited. 
CMF Counter Match Flag 

This read-only bit is set when a match occurs between 
the up counter and the TCONR. Cleared by writing 
"0" by software write (unable to write "1" by soft- 
ware). 

Each bit of the TCSR3 is cleared during reset. 



Bit 5 
Bit 6 



Bit 7 
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■ SERIAL COMMUNICATION INTERFACE (SCI) 

The HD6303X SCI contains two operation modes; one is an 
asynchronous mode by the NRZ format and the other is a 
clocked synchronous mode which transfers data synchronizing 
with the serial clock. 

The SCI consists of the following registers as shown in 
Fig. 20 Block Diagram. 

• Control/Status Register (TRCSR) 

• Rate/Mode Control Register (RMCR) 

• Receive Data Register (RDR) 

• Receive Data Shift Register (RDSR) 

• Transmit Data Register (TDR) 

• Transmit Data Shift Register (TDSR) 

The serial I/O hardware requires an initiaHzation by software 
for operation. The procedure is usually as follows. 

1) Write a desirable operation mode into each correspond- 
ing control bit of the RMCR. 

2) Write a desirable operation mode into each correspond- 
ing control bit of the TRCSR. 

When using bit 3 and 4 of port 2 for serial I/O only, there is 
no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be "0". When 
clearing TE and RE bit and setting them again, more than 1 bit 
cycle of the current baud rate is necessary. If set in less than 1 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 

• Asynchronous Mode 

An asynchronous mode contains the following two data 
formats: 

1 Start Bit + 8 Bit Data + 1 Stop Bit 
1 Start Bit + 9 Bit Data + 1 Stop Bit 
In addition, if the 9th bit is set to "1" when making 9 
bit data format, the format of 

1 Start bit + 8 Bit Data + 2 Stop Bit 
is also transferred. 

Data transmission is enabled by setting TE bit of the TRCSR, 
then port 2, bit 4 will become a serial output independently of 
the corresponding DDR. 

For data transmit, both the RMCR and TRCSR should be 
set under the desirable operating conditions. When TE bit is 
set during this process, 10 bit preamble will be sent in 8-bit data 
format and 1 1 bit in 9-bit data format. When the preamble is 
produced, the internal synchronization will become stable and 
the transmitter is ready to act. 

The conditions at this stage are as follows. 
1) If the TDR is empty (TDRE=1), consecutive I's are 
produced to indicate the idle state. 



2) If the TDR contains data (TDRE=0), data is sent to the 
transmit data shift register and data transmit starts. 

During data transmit, a start bit of "0" is transmitted first. 
Then 8-bit or 9-bit data (starts from bit 0) and a stop bit "1" 
are transmitted. 

When the TDR is "empty", hardware sets TDRE flag bit. If 
the CPU doesn't respond to the flag in proper timing (the TDRE 
is in set condition till the next normal data transfer starts from 
the transmit data register to the transmit sift register), "1" is 
transferred instead of the start bit ''0" and continues to be 
transferred till data is provided to the data register. While the 
TDRE is "1", "0" is not transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 be a serial input. The operation mode of data receive is 
decided by the contents of the TRCSR and RMCR. The first 
"0" (space) synchronizes the receive bit flow. Each bit of the 
following data will be strobed in the middle. If a stop bit is not 
"1", a framing error assumed and ORFE is set 

When a framing error occurs, receive data is transferred to 
the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 

If the stop bit is "1", data is transferred to the receive data 
register and an interrupt flag RDRF is set. If RDRF is still 
set when receiving the stop bit of the next data, ORFE is set to 
indicate overrun generation. 

When the CPU read the receive data register as a response to 
RDRF flag or ORFE flag after having read TRCS, RDRF or 
ORFE is cleared. 

(Note) Clock Source in Asynchronous Mode 

If CCl . ceo = 10, the internal bit rate clock is provided 
at P22 regardless of the values for TE or RE. Maximum 
clock rate is E- 16. 

If both CCl and CCO are set, an external TTL compati- 
ble clock must be connected to P22 at sixteen times 
(16x) the desired bit rate, but not greater than E. 

• Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit is 
synchronized with the clock pulse. The HD6303X SCI 
provides functionally independent transmitter and receiver 
which makes full duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock I/O 
pm is only P22 , so the simultaneous receive and transmit 
operation is not available. In this mode, TE and RE should 
not be in set condition ("1") simultaneously. Fig. 21 gives a 
synchronous clock and a data format in the clocked synchro- 
nous mode. 
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Receive Shift Register 



17 



Rate and Mode 
Control Register 



RD8 TD8 SS2 CC2 CC1 CCO SSI SSO 



HD6303X Internal Data Bus 



RDRF ORFE TORE RIE RE TIE TE WU 



Transmit/Receive Control and Status Register 



Transmit Shift Regisl 



Timer 1 FR( 
Timer2 
Up Counter — 



Figure 20 Serial Communication Interface Block Diagram 



Data transmit is realized by setting TE bit in the TRCSR, 
Port 2, bit 4 becomes an output unconditionally independent 
of the value of the corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirable 
operating condition for data transmit. 



When an external clock input is selected, data transmit is pulse of external are ignored. 



performed under the TDRE flag "0" from port 2, bit 4, syn- 
chronizing with 8 clock pulses mput from external to port 2, 
bit 2. 

Data is transmitted from bit and the TDRE is set when the 
transmit data shift register is "empty". More than 9th clock 



Transmit Direction 



Synchronous 

"~xrLriJ~LrLrLrLrLr 

clock 



• Transnriit data is output from a fallmg edge of a synchronous clock to the next falling edge 

• Receive data is latched at the rising edge 

Figure 21 Clocked Synchronous Mode Format 



When data transmit is selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE flag 
clear. 

Data receive is enabled by setting RE bit. Port 2, bit 3 will 
be a serial input. The operating mode of data receive is decided 
by the TRCSR and the RMCR. 

If the external clock input is selected. RE bit should be 
set when P22 is "High". Then 8 external clock pulses and 
the synchronized receive data are input to port 2, bit 2 
and bit 3 respectively The MPU put receive data into the 
receive data shift register by this clock and set the RDRF 
flag at the termination of 8 bit data receive More than 9th 
clock pulse of external mput are ignored Wlien RDRF is 
cleared by reading the receive data register, the MPU starts 



receiving the next data. So RDRF should be cleared with P22 
"High" 

When data receive is selected to the clock output, 8 synchro- 
nous clocks are output to the external by setting RE bit. So re- 
ceive data should be input from external, synchronously with 
this clock. When the first byte data is received, the RDRF flag 
IS set. After the second byte, receive operation is performed and 
output the synchronous clock to the external by clearing the 
RDRF bit. 

• Transmit/Receive Control Status Register (TRCSR) ($0011) 

The TRCSR is composed of 8 bits which are all readable. Bits 
to 4 are also writable. This register is initialized to $20 during 
reset. Each bit functions as follows. 
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Transmit/Receive Control Status Register 



Bit 1 





7 


6 


5 


4 


3 


2 


1 







RDRF 


ORFE 


TORE 


RIE 


RE 


TIE 


TE 


WU 


BitO 


WU 


Wak 


eup 













In a typical multi-processor configuration, the 
software protocol provides the destination address at 
the first byte of the message In order to make un- 
interested MPU ignore the remaining message, a wake-up 
function is available. By this, uninterested MPU can in- 
hibit all further receive processing till the next message 
starts. 

Then wake-up function is triggered by consecutive 
I's with 1 frame length (10 bits for 8-bit data, 11 for 
9-bit). The software protocol should provide the idle 
time between messages. 

By setting this bit, the MPU stops data receive till the 
next message. The receive of consecutive "1" with one 
frame length wakes up and clears this bit and then the 
MPU restarts receive operation. However, the RE flag 
should be already set before setting this bit. In the 
clocked synchronous mode WU is not available, so this 
bit should not be set. 
TE Transmit Enable 

When this bit is set, transmit data will appear at port 
2, bit 4 after one frame preamble in asynchronous mode, 
while in clocked synchronous mode it appears im- 
mediately. This is executed regardless of the value of 
the corresponding DDR. When TE is cleared, the serial 
I/O doesn't affect port 2, bit 4. 
TIE Transmit Interrupt Enable 

When this bit is set. an internal interrupt (IRQa) is 
enabled when TDRE (bit 5) is set. When cleared, the 
interrupt is inhibited. 
RE Receive Enable 

When set, a signal is input to the receiver from port 
2, bit 3 regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn't affect port 2, bit 3. 
RIE Receive Interrupt Enable 

When this bit is set, an internal interrupt, IRQ3 is 
enabled when RDRF (bit 7) or ORFE (bit 6) is set. 
When cleared, the interrupt is inhibited. 
TDRE Transmit Data Register Empty 

TDRE is set when the TDR is transferred to the 
transmit data shift register in the asynchronous mode, 
while in clocked synchronous mode when the TDSR is 
"empty". This bit is reset by reading the TRCSR and 
writing new transmit data to the transmit data register. 
TDRE is set to "l" during reset. 
(Note) TDRE should be cleared in the transmittable state after 
the TE set. 

ORFE Overrun Framing Error 

ORFE is set by hardware when an overrun or a fram- 
ing error is generated (during data receive only). An 
overrun error occurs when new receive data is ready to 



Bit 2 



Bit 3 



Bit 4 



Bits 



Bite 



be transferred to the RDR during RDRF still being set. 
A framing error occurs when a stop bit is "0". But in 
clocked synchronous mode, this bit is not affected. This 
bit is cleared when reading the TRCSR, then the RDR, 
or during reset. 

Bit? RDRF Receive Data Register Full 

RDRF is set by hardware when the RDSR is transfer- 
red to the RDR. Cleared when reading the TRCSR, then 
the RDR, or during reset. 

(Note) When a few bits are set between bit 5 to bit 7 in the 
TRCSR, a read of the TRCSR is sufficient for clearing 
those bits. It is not necessary to read the TRCSR every- 
time to clear each bit. 

• Transmit Rate/Mode Control Register (RMCR) 

The RMCR controls the following serial I/O: 

• Baud Rate • Data Format 

• Clock Source • Port 2 , Bit 2 Function 

In addition, if 9-bit data format is set in the asynchronous 
mode, the 9th bit is put in this register. All bits are readable and 
writable except bit 7 (read only). This register is set to $00 
during reset. 

Transfer Rate/Mode Control Register 



7 


6 


5 


4 


3 


2 


1 





RD8 


TD8 


SS2 


CC2 


CC1 


ceo 


SSI 


sso 



BitO 
Bit 1 
Bit 5 



SSO 
SSI 
SS2 



Speed Select 



These bits control the baud rate used for the SCI. Table 
6 lists the available baud rates. The timer 1 FRC (SS2=0) and 
the timer 2 up counter (SS2=1) provide the internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func- 
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 7 depending on the value of the TCONR. 
(Note) When operating the SCI with internal clock, do not 

perform write operation to the timer/counter which is 

the clock source of the SCI. 



Bit 2 
Bit 3 
Bit 4 



ceo 

CC1 
CC2 



Clock Control/Format Select* 



These bits control the data format and the clock source 
(refer to Table 8) 

* ceo, CCl and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external 
clock operation. Then the MPU sets port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an 
output port, the DDR of port 2 should be set to 'T* and 
CCl and CCO to "0" and "1" respectively. 
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Table 6 SCI Bit Times and Transfer Rates 



(1) Asynchronous Mode 



SS2 


SS1 


sso 


XTAL 
E 


2 4576MHz 


4 0MHz 


49152MHz 


614 4kHz 


1 OMHz 


1 2288MHz 











E 




26^(S 38400Baud 


16;us 62500Baud 


13/us/76800Baud 








1 


E 


-128 


208/vs/4800Baud 


128/iS/7812 5Baud 


104 2//S/9600Baud 





1 





E 


-1024 


1 67ms/600Baud 


1 024ms 976 6Baud 


833 3us, 1 200Baud 





1 


1 


E 


^4096 


6 67ms/150Baud 


4 096ms 244 1 Baud 


3 333ms 300Baud 


1 










* 


* 


♦ 



♦When SS2 is "1", Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N 



_ f /f input clock frequency to the 

Baud Rate - (N+1) ( timer 2 counter 

\N = 0- 255 > 



(2) Clocked Synchronous Mode * 



SS2 


SSI 


sso 


XTAL 


4 OMHz 


6 OMHz 


8 0MHz 


E 


1 OMHz 


1 5MHz 


2 OMHz 











E-^2 




1 33/uS/bit 


1 A/s bit 








1 


E^16 


16//S/bit 


10 7/iS/bit 


8;us bit 





1 





E-128 


128/yS/bit 


85 3;"S/bit 


64,tiS/bit 





1 


1 


E-f512 


512A<s/bit 


341x/s/bit 


256;us bit 


1 










* * 


* * 



* Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 
operatable up to DC ~ 1/2 system clock. 



** The bit rate is shown as follows with the TCONR as N. 

Bit Rate (/is/bit) = ^^-^^^ ' *"P"^ ^'^''^ frequency to the 

f timer 2 counter 

Vn = 0~255 



Table 7 Baud Rate and Time Constant Register Example 



^^----^^^^^ XTAL 
^^"^ "^^^Ba^idT^^ 


2 4576MHz 


3 6864MHz 


4 0MHz 


4 9152MHz 


8 OMHz 


110 


21- 


32- 


35* 


43* 


70- 


150 


127 


191 


207 


255 


51- 


300 


63 


95 


103 


127 


207 


600 


31 


47 


51 


63 


103 


1200 


15 


23 


25 


31 


51 


2400 


7 


1 1 


12 


15 


25 


4800 


3 


5 




7 


12 


9600 


1 


2 




3 




19200 









1 




38400 














* E/8 clock is input to the timer 2 up counter and E clock otherwise. 
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Table 8 SCI Format and Clock Source Control 



CC2 


CC1 


ceo 


Format 


Mode 


Clock Source 


Port 2, Bit 2 


U 


n 
u 


u 


8-bit data 


Clocked Synchronous 


External 


Input 








1 


8-bit data 


Asynchronous 


1 nternal 


Not Used 





1 





8-bit data 


Asynchronous 


internal 


Output* 





1 


1 


8-bit data 


Asynchronous 


External 


Input 


1 








8-bit data 


Clocked Synchronous 


Internal 


Output 


1 





1 


9-bit data 


Asynchronous 


Internal 


Not Used** 


1 


1 





9-bit data 


Asynchronous 


Internal 


Output* 


1 


1 


1 


9-bit data 


Asynchronous 


External 


Input 



Port 2, Bit 3 



Port 2, Bit 4 



When the TRCSR, RE bit is "V 
bit 3 is used as a serial input. 



When the TRCSR, TE bit is "1" 
bit 4 IS used as a serial output. 



" Clock output regardless of the TRCSR, bit RE and TE. 



Bit 6 TD8 Transmit Data Bit 8 

When selecting 9-bit data format in the asynchron- 
ous mode, this bit is transmitted as the 9th data. In 
transmitting 9-bit data, write the 9th data into this bit 
then write data to the receive data register. 
Bit 7 RD8 Receive Data Bit 8 

When selecting 9-bit data format in the asynchronous 
mode, this bit stores the 9th bit data. In receiving 9-bit 
data, read this bit then the receive data register. 

■ PRECAUTION 1 

In the synchronous clocked receive operation with clock-output, 
there are three cases for clock pulse timing after RDRF clear as 
shown below. 

Please consider above in designing system, since transmitting 
receiving time is not uniform. 

The clock-output of case 1 or case 2 is determined by " 1 " or "0" 
of SCI internal operation clock of RDRF clearing cycle. In addition, 
in the case of low voltage operation (Vqc 4.5 V), the clock-output 
of case 1 may transfer to case 3. 



♦* Not used for the SCI. 

■ PRECAUTION 2 

When transmitting through clock-synchronous serial communi- 
cation interface, TE bit should not be cleared with TORE of TRCSR 
($11) is "0". 

The TDRE set and clear conditions of SCI are shown as follows. 





Set condition 


Clear condition 




1. 


TDR -» transmit 


When writing to TDR 






shift register 


after TRSCR read, 






(asynchronous) 


with TDRE = 1, TDRE 


TORE 


2. 


Transmit shift 


is cleared. 




register Is empty. 








(clock-synchronous) 






3. 


RES = 





If transmit data is written to TDR, and then TE bit is cleared with 
TDRE = to stop transmitting, TDRE remains "0". 

In this case, even if TE bit is set and transmit data is written again, 
the TDR data is not transmitted. 

Please note that TE bit must be cleared after the last data has been 
transmitted. 

(This caution is not applied to asynchronous serial communica- 
tion interface.) 



RDR read cycle (RDRF clear) 



clock-output j I 

case 1 

ti bitO 

case 2 J] 



bitO 

case 3 



(note) When bit rate is E/2, tj = E, and tz = 2E. E/128, t, = 64E, t2 = 128E. 

E/16, t, =8E, t2 = 16E. E/512, tj = 256E, t2 = 512E. 

Precaution 1 Diagram 
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■ TIMER, SCI STATUS FLAG 

Tabic 9 shows the set and reset conditions of each status 
flag in the tinier 1 , timer 2 and SCI. 

As for Timer 1 and Timer 2 status flag, if the set and reset 
condition occur simultaneously, the set condition is prior to 
the reset condition. But in case of SCI control status flag, 
the reset condition has priority. Especially as for OCFl and 



0CF2 of Timer 1 , the set signal is generated periodically when- 
ever FRC matches OCR after the set, and which can cause the 
unclear of the flag. To clear surely, the method is necessary to 
avoid the occurence of the set signal between TCSR Read and 
OCR write. For example, match the OCR value to FRC first, 
and next read TCSR, and then write OCR at once. 



Table 9 Timer 1 , Timer 2 and SCI Status Flag 





Set Condition 


Reset Condition 


Timer 
1 


IGF 


FRC ICR by edge input to P^o- 


1 Rpari the TPQRl r»r TPQR9 tKan IPDU 

1 ncau ine i i^on i or i Vi^on^c men lunn, 
when ICF = 1 

2. FfE5=0 


OCFl 


0CR1=FRC 


1 . Read the TCSR 1 or TCSR2 then write to the 
0CR1 H or 0CR1 L, when OCFl = 1 

2. FlES=0 


0CF2 


0CR2=FRC 


1 Read the TCSR2 then write to the 0CR2H or 

0CR2L,when 0CF2 = 1 
2. WES=0 


TOF 


FRC=$FFFF+1 cycle 


1 Rpad thp Tr<*R 1 thpn FRPH uuhpnTOFsl 

2. RE§=0 


Timer 
2 


CMF 


T2CNT=TC0NR 


1. Write "0" to CMF, when CMF = 1 

2. RR=0 


SCI 


RDRF 


Receive Shift Register RDR 


1 . Read the TRCSR then RDR. when RDRF = 1 

2. WEB=0 


ORFE 


1. Framing Error (Asynchronous Mode) 
Stop Bit = 

2. Overrun Error (Asynchronous Mode) 
Receive Shift Register -> RDR when 
RDRF=1 


1. Read the TRCSR then RDR. when 0RFE = 1 

2. RES=0 


TORE 


1. Asynchronous Mode 

TDR Transmit Shift Register 

2. Clocked Synchronous Mode 
Transmit Shift Register is "empty" 

3. 1^=0 


Read the TRCSR then write to the TDR, 
when TDRE = 1 

(Note) TORE should be reset after the TE set. 



(Note) 1. , transfer 

2 For example, "ICRH" means High byte of ICR 



■ LOW POWER DISSIPATION MODE 

The HD6303X provides two low power dissipation modes, 
sleep and standby. 

• Sleep Mode 

The MPU goes to the sleep mode by SLP instruction execu- 
tion. In the sleep mode, the CPU stops its operation, while the 
registers' contents are retamed. In this mode, the peripherals 
except the CPU such as timers, SCI etc. continue their func- 
tions. The power dissipation of sleep-condition is one fifth that 
of operating condition. 

The MPU returns from this mo de b y an interrupt, RES or 

ST BY, it goes to the reset state by RES and the standby mode 
by STBY. When the CPU acioiowledges an interrupt request, it 
cancels the sleep mode, returns to the operation mode and 
branches to the interrupt routine. When the CPU masks this 
interrupt, it cancels the sleep mode and executes the next 
instruction. However, for example if the timer 1 or 2 prohibits 
a timer interrupt, the CPU doesn't cancel the sleep mode be- 
cause of no interrupt request. 

This sleep mode is effective to reduce the power dissipation 



for a system with no need of the HD6303X's consecutive 
operation. 

• Standby Mode 

The HD6303X stops all the clocks and goes to the reset 
state with STBY "Low". In this mode, the power dissipation is 
redu ced co nspicuously. All pins except for the power supply, 
the STBY and XTAL are detached from the MPU internally 
and go to the high impedance state. 

In this mode the power is supplied to the HD6303X, so 
the contents of RAM is retained. The MPU returns from this 
mode during reset. The followings are typical usage of this 
mode. 

Save the CPU information and SP contents on RAM by NMI. 
Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MPU and RAM contents are retained properly. 
So system can restore itself by returning their pre-standby infor- 
mations to the SP and the CPU. Fig. 22 depicts the timing at 
each pin with this example. 
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r 



Save registers 
RAM/Port 5 Control 
Register Set 



Oscillator 
Start Time 



Figure 22 Standby Mode Timing 



■ TRAP FUNCTION 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruc- 
tion from non-memory space The TRAP prevents the system- 
burst caused by noise or a program error 

• Op Code Error 

When fetching an undefined op code, the CPU saves CPU 
registers as well as a normal interrupt and branches to the TRAP 
(SFFEK, SFFEF) This has the priority next to reset. 

• Address Error 

Wlicn an instiuction fetch is made fiom inlemal legistcr 
(SOOOO^SOOl F), the MPU gcnciatcs an intcriupt as well as an 
op code ciioi But on the system with no memory in its ex- 
ternal memory area, this function is not applicable if an in- 
struction fetch is made from the external non-memory area. 

This function is available only for an instruction fetch and 
IS not applicable to the access of normal data read/write 
(Note) The TRAP interrupt provides a retry function different- 
ly from other interrupts. This is a program flow return 
to the address where the TRAP occurs when a sequence 
returns to a main routine from the TRAP interrupt 
routine by RTI. The retry can prevent the system burst 
caused by noise etc. 

However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is 
necessary in programming. 

■ INSTRUCTION SET 

The HD6303X provides object code upward compatible 
with the HD6801 to utilize all instruction' set of the 
HMCS6800. It also reduces the execution times of key instruc- 
tions for throughput improvement. 

Bit manipulation instruction, change instruction of the 
index register and accumulator and sleep instruction are also 
added. 

The foUowings are explained here. 

• CPU Programming Model (refer to Fig 23) 

• Addressing Mode 



• Accumulator and Memory Manipulation Instruction 
(refer to Table 10) 

• New Instruction 

• Index Register and Stack Manipulation Instruction 
(refer to Table 11) 

• Jump and Branch Instruction (refer to Table 12) 

• Condition Code Register Manipulation 
(refer to Table 13) 

• Op Code Map (refer to Table 14) 

• Programming Model 

Fig. 23 depicts the HD6303X programming model The 
double accumulator D consists of accumulator A and B, so 
when using the accumulator D, the contents of A and B are 
destroyed. 



8 Bit Accumulj 
0' 16 B.I Oout 



Figure 23 CPU Programming Model 

• CPU Addressing Mode 

The HD6303X provides 7 addressing modes Tlic addressing 
mode is decided by an instruction type and code Table 10 
through 14 show addressing modes of each instruction with 
the execution times counted by the machine cycle. 

When the clock frequency is 4 MHz, the machme cycle time 
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becomes microseconds directly. 
Accumulator (ACCX) Addressing 

Only an accumulator is addressed and the accumulator A or 
B is selected. This is a one-byte instruction. 
Immediate Addressing 

This addressing locates a data in the second byte of an 
insiiuction However, LDS and LDX locate a data in the second 
and third byte exceptionally This addressing is a 2 or 3-byte 
instruction 
Direct Addressmg 

In this addressing mode, the second byte of an instruc- 
tion shows the address where a data is stored 256 bytes ($0 
through S255) can be addressed directly. Execution times 
can be reduced by storing data in this area so it is recommended 
to make it RAM for users' data area in configurating a system. 
This is a 2-byte instruction, while 3-byte with regard to AIM, 
OIM,EIM and TIM. 
Extended Addressmg 

In this mode, the second byte shows the upper 8 bit of the 
data stored address and the third byte the lower 8 bit This 
indicates the absolute address of 3-byte instruction in the 
memory. 

Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the 
index register are added in this mode. As for AIM, OIM, EIM 
and TIM, the third byte of an instruction and the lower 8 bits 
of the index register are added. 

This carry is added to the upper 8 bit of the index register 
and the result is used for addressing the memory. The modified 
address is retained in the temporary address register, so the con- 
tents of the index register doesn't change. This is a 2-byte 
instruction except AIM, OIM, EIM and TIM (3-byte instruc- 
tion). 



Implied Addressing 

An instruction itself specifies the address. That is, the 

instruction addresses a stack pointer, index register etc. This is a 

one -byte instruction. 

Relative Addressing 

The second byte of an instruction and the lower 8 bits of 

the program counter are added. The carry or borrow is added to 

the upper 8 bit. So addressing from -126 to +129 byte of the 

current instruction is enabled. This is a 2-byte instruction. 

(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with CLI 
and SEI instructions, more than 2 cycles are neces- 
sary between the CLI and SEI instructions. For example, 
the following program (a) (b) don't accept the IRQ but 
(c) accepts it. 



CLI 

CLI CLI NOP 

SEI NOP NOP 

SEI SEI 



(a) (b) (c) 

The same thing can be said to the TAP instruction 
instead of the CLI and SEI instructions. 
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Table 10 Accumulator, Memory Manipulation Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Code 
Register 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


5 


4 


3 


2 


1 





OP 


- 


# 


OP 




# 


OP 




# 


OP 




» 


OP 




# 


H 


1 


N 


Z 


V 


c 


Add 


ADDA 


SB 


2 


2 


98 


3 


2 


AB 


4 


2 


88 


4 


3 








A + M- A 


: 






t 




7~ 


ADD8 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








8 -^ M-> B 


t 






t 




7~ 


Add Double 


ADDD 


C3 


3 


3 


03 


4 


2 


E3 


5 


2 


F3 


5 


3 








A B+M M+l-A B 








t 




"y- 


Add Accumuletor$ 


ABA 


























IB 


1 


1 


A + 8- A 


: 






t 




T" 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A ♦ M ♦ C- A 


1 






t 




t 


ADCB 


C9 


2 


2 


09 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C-B 


J 






t 




J— 


AND 


ANOA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A-M- A 


• 






t 


R 


• 


ANDB 


C4 


2 


2 


04 


3 


2 


E4 


4 


2 


F4 


4 


3 










• 






t 


R 


• 


Bit Test 


IlL^ 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


85 


4 


3 








^tl^ 


• 






I 


R 


• 


BIT B 


C5 


2 


2 


05 


3 


2 


E5 


i4 


2 


F5 


4 


3 








B-M 


• 






t 


R 


• 


Clear 


CLR 














6F 


5 


2 


7F 


5 


3 






I- 


00 -> M 


• 




R 


s 


R 


R 


CLRA 


























4F 


1 


1 


00 - A 






R 


s 


R 


R 


CLRB 


























5F 


1 


1 


00-8 






R 


s 


R 


R 


Compare 


CMPA 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


81 


4 


3 








A-M 


• 




t 


J 


t 


I 


CMPB 


CI 


2 


2 


D1 


3 


2 


El 


4 


2 


F1 


4 


3 








8 - M 


• 




: 


J 


: 


I 


Compare 
Accumulators 


CBA 


























1 1 


1 


, 


A - 8 








1 




I 


Complement, 1'$ 


COM 














63 


6 


2 


73 


6 


3 








M M 


• 






1 


R 


S 


COMA 


























43 


1 


1 


- ""^ 


• 






t 


R 


S 


^ 


























53 


1 


1 




• 






t 


R 


s 


Complement, 2's 
(Negate) 
















60 


6 


2 


70 


6 


3 








— ^ 


• 




. 


t 







NEGA ' 


























40 


1 




^"^^^ 


• 




} . 


t 


® 




NEGB 


























50 


1 


1 


QQ 

— : — r -——^ 


• 






t 






Decimal Adjust, A 


DAA 


























19 


2 




Converts binary add o* BCD 
characters into BCD format 


• 






t 


t 




Decrement 




DEC 














6A 


6 


2 


7A 


6 


3 






M - 1 - M 


* 






t 


€) 


* 


DECA 




























1 




A - 1 A 


* 






t 


(3> 


• 






























1 


1 










J_ 






Exclusive OR 


i^RA 


88 


2 


2 


98 


3 


2 


A8 




2 


88 


* 


3 


. 






A (Jm^A ' 














EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








8 M-> 8 








1 


" 




Increment 


INC 










6C 


6 


2 


7C 


6 


3 








M * ) -*M 


* 






t 


(S) 


• 




























4C 


1 


1 


A ♦ 1 -» A 


• 






t 




• 


i^i^B — 


























5C 


1 1 1 


^ * ^ 


• 






t 


® 


• 


Load 

Accumulator 


kOAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


86 


4 


3 








— Z , 


• 






I 


R 


• 


LDAB 


C6 


2 


2 


06 


3 


2 


E6 


4 


2 


F6 


4 


3 








M -» 8 


• 






t 


R 


• 


Load Double 
Accumulator 


LOD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1 - 8, M -« A 


• 




t 


t 


R 

— 


• 


Multiply Unsigned 


MUL 


























3D 


7 




A X B - A 8 














OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A -f M - A 






T 


I 


R 


• 


ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








8 ■•• M - 8 








t 


R 


• 


Push Data 


PSHA 


























36 


4 


1 


A - Msp, SP - 1 -» SP 






• 


• 


• 


• 


PSHB 


























37 


4 


1 


B - Msp, SP - 1 - SP 






• 


• 


• 


• 


Pull Data 


PULA 


























32 


3 




SP + 1 - SP, Msp - A 






• 


• 


• 


• 


PULB 


























33 


3 




SP + 1 - SP. Msp - 8 






• 




• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 






















ROLA 


























49 


1 


1 


a! ^-w 1 1 1 1 1 1 1 














ROLB 


























59 


1 


1 


g ) C b7 t>0 














Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 






















RORA 


























46 


1 




A|k>{ 1 I 1 1 1 ! 1 }^ 
J C 07 bC 














RORB 


























56 


1 


1 















(Note) Condition Code Register will be explained in Note of Table 13 (continued) 
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Table 10 Accumulator, Memory Manipulation Instructions 



Addressing Modes 



Boolean/ 
Arithnrwtic Operation 



Condition Code 
Register 



A C H I II I I I l >o 

- C 67 bO 



r k ACC AJ ACC B "k - 
C A7 AO 87 BO 



g J 07 bO C 



0- H ACC A/ ACC8~) -»n 
A7 AO B7 BO C 



A - M 

B - M + 1 



A B-M M+1-A 



A - M - C- A 



M-bIMM 



(Note) Condition Code Register will be explained in Note of Table 13 
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• Additional Instruction 

In addition to the HD6801 instruction set, the HD6303X 
prepares the following new instructions. 

AIM (M)-(IMM) ->(M) 

Executes "AND" operation to immediate data and the 
memory contents and stores its resuh in the memory. 

OIM (M) + (IMM) ->(M) 

Executes "OR" operation to immediate data and the 
memory contents and stores its resuh in the memory. 

EIM (M) © (IMM) (M) 

Executes "EOR" operation to immediate data and the 
memory contents and stores its result in the memory. 



TIM . (M) • (IMM) 

Executes "AND" operation to immediate data and 
changes the relative flag of the condition code register. 

These area 3-byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 

XGDX (ACCD) ^(IX) 

Exchanges the contents of accumulator and the index 
register. 

SLP 

Goes to the sleep mode. Refer to "LOW POWER DIS- 
SIPATION MODE" for more details of the sleep mode. 



Table 11 Index Register, Stack Manipulation Instructions 



Pointer Operationj 



Addreiting Modes 



Boolean/ 
Arithmetic Operatior^ 



Cor>dition Code 
Regitter 



Compare Index Reg 



Decrement Index Reg 



Decrement Stack Pntr 



Increment Index Reg 



Increment Stack Pntr 



Load Index Reg 



M- Xh, (M+ X, 



Load Stack Pntr 



SPh. (M^D^SPl 



Store Index Reg 



Xh - M, Xl - IM + 1) 



Store Stack Pntr 



SPh - M.SPl - <M+ 1) 



Index Reg Stack Pntr 



Stock Pntr - Index Reg 







Xl - M^, SP - 1 SP 
Xh-* W^, SP - 1 -* SP 



SP + 1 - SP, -* Xh 
SP + 1 - SP,M,o- X, 



Exchange 



(Note) Condition Code Register will be explained m Note of Table 13 
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Table 12 Jump, Branch Instructions 



Addressing Modes 



relative 
'op 



DIRECT 

opT~T« op - 



Condition Code 
RegtJter_ 



Branch Always 



Branch Never 
Branch If Carry Clei 



Branch If Carry Set 



Branch If = Zero 



Branch If > Zero 



Branch If > Zero 



N (i) V • 



Z + (N © V) = 



Branch If Higher 



Branch If < Zero 



Z MN © V) = 



Branch If Lower 
Sanne 



Branch If < Zero 



BLS 
BLT 



C ♦ Z = 1 



IM C+J V = 



Branch If Not Equal 
Zero 



Branch If Overflow 
Clear 

Branch If Overflow Set 
Branch If Plus 



BVC 
BVS 



Branch To Subroutine 



Jump To Subroutine 



JMP 
JSR 



Advances Prog Cnir 
Only 



Return From Interrupt 



Return Frorr 
Subroutine 



Software Interruot 



Watt for I 

Sleep 



' (S) ' 



* WAI puts R/W high. Address Bus goes to FFFF, Data Bus goes to the three state 
Condition Code Register will be explained m Note of Table 13 
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Table 13 Condition Code Register Manipulation Instructions 



Operations 


Mnemonic 


AddressingModes 


Boolean Operation 


Condition Code Register 


IMPLIED 


5 


4 


3 


2 


1 





OP 




# 


H 


1 


N 


Z 


V 


c 


Clear Carry 


CLC 


OC 


1 




0-C 












R 


Clear Interrupt Mask 


CLI 


OE 


1 




-* 1 


• 


R 






• 


• 


Clear Overflow 


CLV 


OA 


1 




- V 


• 


• 






R 


• 


Set Carry 


SEC 


00 


1 




1 -* C 












s 


Set Interrupt Mask 


SEI 


OF 


1 




1 - 1 


• 


S 






• 


• 


Set Overflow 


SEV 


OB 


1 




1 - V 


• 


• 






S 


• 


Accunnulator A CCR 


TAP 


06 






A^ CCR 




} 


CCR -» Accumulator A 


TPA 


07 


1 




CCR - A 


•I-I-I-I-I- 



OP Operation Code (Hexadecimal) 
~ Number of MCU Cycles 
Msp Contents of memory location pointed to by Stack Pointer 

# Number of Program Bytes 
+ Arithmetic Plus 

Arithmetic Minus 

• Boolean AND 

•f Boolean Inclusive OR 
® Boolean Exclusive OR 
Complement of M 
Transfer into 
Bit - Zero 
Byte = Zero 



M 





00 



CONDITION CODE SYMBOLS 

H Half-carry from bit 3 to bit 4 

I Interrupt mask 

N Negative (sign bit) 

Z Zero (byte) 

V Overflow, 2's complement 

C Carry/Borrow from/to bit 7 

R Reset Always 

S Set Always 

t Set if true after test or clear 

• Not Affected 



(Note) Condition Code Register Notes (Bit set if test is true and cleared otherwise) 

1" (Bit V) Test Result - 10000000? 

2 (Bit C) Test Result ^ 00000000? 

(3) (Bit C) Test BCD Character of high-order byte greater than 10' (Not cleared if previously set) 

(Bit V) Test Operand = 10000000 prior to execution? 

5 (Bit V) Test Operand = 01 11 1 11 1 prior to execution? 

6 (Bit V) Test Set equal to Na C = 1 after the execution of instructions 

7 (Bit N) Test Result less than zero? (Bit 15=1) 

8 (All Bit) Load Condition Code Register from Stack 

9 (Bit I ) Set when interrupt occurs If previously set, a Non-Maskable Interrupt is required to exit the wait 
10^ (All Bit) Set according to the contents of Accumulator A 

11 (BttC) Result of Multiplication Bit 7-1? (ACCB) 



Table 14 OP-Code Map 













ACC 


ACC EX]>^ 
1 IND , X • 
i B /D'R 




ACCA 


or SP 


extI^ imm 


ACCB or X 






CODE 








I A 
0011 \ 0100 


IMM 


dir 


IND 




DIR i IND 


EXT 






0000 


000! 


0010 


t 0101 ^0110 1 0111 


1000 


1001 


1010 j 


-f — 

1011 1 1100 


IIOI ^ 1110 


1111 




LO 







1 1 2 


3 




j 5 6 t 7 




9 




B 1 C 


-\ 

D E 


F 




OOOO 







SBA ^ 


BRA 


TSX i 

1ns~ [JZ^ 


NEC 








SUB 









000 1 


1 


NOP 


"cba" 


" BRN 


---^ — ^ AIM 








CMP 






1 


0010 


2 






BHr" " 


PULA 




6lM ' 








SBC 






2 


0011 


3 




^.,,--^1 BLS 


PULB 


COM 




SUBD 




ADDD 




3 


0100 


4 


LSRD 


BCC 


^DES 




LSR 








AND 






4 


otoi 


5 


ASLD 


__^^\ BCS 


TXS 


-^^^--^^^^ eTm ' 








BIT 






5 


"oiio 


6 


TAP 


TAB 


BNE 


PSHA 




ROR 








LDA 






6 


oil) 


7 


TPA 


TBA 


BEQ 


PSHB 


ASR 






STA 


\^\ STA 




7 


1000 


8 


INX 


XGDXi BVC 


PULX 




ASL 








EOR 






8 


1001 


9 


DEX 


DAA 


BVS 


RTS 




ROL ' 








ADC 






9 


1010 


A 


CLV 


SLP 


BPL 


ABX 




dec 








ORA 






A 


1011 


B 


SEV 


ABA 


BMI 


_____ 




— n TIM 








ADD 






B 


1100 


C 


CLC 




BGE 


PSHX~ 




INC 




CPX 




LDD 




C 


1101 


D 


SEC 




BLT 


MUL 




TST 


BSR 




jsr 




^ STD 




D 


1110 


E 


"clT ^ 




BGT 


WAI 








LDS 




LDX 




E 


nil 


F 


SEI 




BLE ' SWI 

L I 




CLR 






STS 




SIX 




r 



T 1 . 2 ; 3__ _^__4__ [ b _]^^_6 ^ __7 8 I 9 "i A \~ B , C " ; D j E ^ f" 



UNDEFINED OP CODE 
* Only each instructions of AIM, OIM, EIM, TIM 
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■ CPU OPERATION 

• CPU Instruction Flow 

When operating, the CPU fetches an instruction from a 
memory an d exe cutes the required function. This sequence 
starts with RES cancel and repeats itself limitlessly if not 
affected by a special mstruction or a control signal. SWI, RTI, 
WAI a nd SL P instr uctions chan ge thi s operation, while NMI, 
IRQi , IRQ2 , IRQ3, HALT and STBY control it. Fig. 24 gives 
the CPU mode transition and Fig, 25 the CPU system flow 
chart. Table 1 5 shows CPU operating states and port states. 

• Operation at Each Instruction Cycle 

Table 16 shows the operation at each instruction cycle. 
By the pipeline control of the HD6303X, MULT, PUL, DAA 
and XGDX instructions etc. prefetch the next instruction. So 
attention is necessary to the counting of the instruction cycles 
because it is different from the usual one — op code fetch 
to the next instruction op code. 



Table 15 CPU Operation State and Port State 



Port 


Reset 


STBY*** 


HALT 


Sleep 


Ao A7 


H 


T 


T 


H 


Port 2 


T 


T 


Keep 


Keep 


Do ~D7 


T 


T 


T 


T 


Ag ~ A,s 


H 


T 


T 


H 


Port 5 


T 


T 


T 


T 


Port 6 


T 


T 


Keep 


Keep 


Control 
Signal 




T 







H ; High, L , Low, T .High Impedance 
• WR, R/W, Or = H, BA = L 
RD, WR, R/W = T, LIR, BA = H 
• * • E pin goes to high inapedance state 




Figure 24 CPU Operation Mode Transition 
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(Note) 1 The program sequence will co me to the RES start from 
any place of the flow during RES. When STBY=0. the 
sequence will go into the standby mode regardless of the CPU 
condition. 

2 Refer to "FUNCTIONAL PIN DESCRIPTION" for more 
details of interrupts 




INTERRUPT REQUEST FLAGS 
CLEAR EXCEPT NMI 







Figure 25 HD6303X System Flow Chart 
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Table 16 Cycle-by -Cycle Operation 



Address Mode & 


Cycles 


Cycle 


Address Bus 


R/W 


RD 


WR 


LIR 


Data Bus 


Instructions 
















IMMEDIATE 


ADC 


ADD 




1 


Op Code Address -t- 1 


; 





1 


1 


Operand Data 


AND 


BIT 




2 


Op Code Address + 2 







1 





Next Op Code 


CMP 


EOR 


2 
















LDA 


ORA 


















SBC 


SUB 


















ADDD 


CPX 




1 


Op Code Address 1 


1 





1 


1 


Operand Data (MSB) 


LDD 


LDS 


3 


2 


Op Code Address + 2 


1 





1 


1 


Operand Data (LSB) 


LDX 


SUBD 




3 


Op Code Address -1-3 


1 





1 





Next Op Code 


DIRECT 


ADC 


ADD 




1 


Op Code Address + 1 


1 





1 


1 


Address of Operand (LSB) 


AND 


BIT 




2 


Address of Operand 


1 





1 


1 


Operand Data 


CMP 


EOR 


3 


3 


Op Code Address -1^2 


1 





1 





Next Op Code 


LDA 


ORA 


















SBC 


SUB 


















STA 






_______ 


Op Code Address 1 


1 





1 


1 


Destination Address 






3 


2 


Destination Address 





1 





1 


Accumulator Data 








3 


Op Code Address 2 


1 





1 





Next Op Code 


ADDD 


CPX 




1 


Op Code Address 1 


T 





1 


1 


Address of Operand (LSB) 


LDD 


LDS 


4 


2 


Address of Operand 


1 





1 


1 


Operand Data (MSB) 


LDX 


SUBD 




3 


Address of Operand -I- 1 


1 





1 


1 


Operand Data (LSB) 








4 


Op Code Address 2 


1 





1 





Next Op Code 


STD 


STS 




1 


Op Code Address -H 


1 





1 


1 


Destination Address (LSB) 


SIX 




4 


2 


Destination Address 





1 





1 


Register Data (MSB) 








3 


Destination Address + 1 





1 





1 


Register Data (LSB) 








4 


Op Code Address 2 


1 





1 





Next Op Code 


JSR 






1 


Op Code Address + 1 


1 





1 


1 


Jump Address (LSB) 








2 


FFFF 


1 


1 


1 


1 


Restart Address (LSB) 






5 


3 


Stack Pointer 





1 





1 


Return Address (LSB) 








4 


Stack Pointer - 1 





1 





1 


Return Address (MSB) 








5 


Jump Address 


1 





1 





First Subroutine Op Code 


TIM 






1 


Op Code Address + 1 


1 





1 


1 


Immediate Data 






4 


2 


Op Code Address + 2 


1 





1 


1 


Address of Operand (LSB) 








3 


Address of Operand 


1 





1 


1 


Operand Data 








4 


Op Code Address + 3 


1 





1 





Next Op Code 


aim"" 


EIM 




1 


Op Code Address -1^ 1 


1 





1 


1 


Immediate Data 


DIM 






2 


Op Code Address + 2 


1 





1 


1 


Address of Operand (LSB) 








3 


Address of Operand 


1 





1 


1 


Operand Data 






6 


4 


FFFF 


1 


1 


1 


1 


Restart Address (LSB) 








5 


Address of Operand 





1 





1 


New Operand Data 








6 


Op Code Address -^ 3 


1 





1 





Next Op Code 
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Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 


"RD 


WR 


LIR 


Data Bus 


INDEXED 


JMP 


3 


1 

2 
3 


Op Code Address + 1 
FFFF 

Jump Address 


-4-H 



1 






1 
1 




Offset 

Restart Address (LSB) 
First Op Code of Jump Routine 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 


4 


1 
2 
3 
4 


Op Code Address + 1 
FFFF 

IX-t- Offset 

Op Code Address + 2 





1 





; 


1 
1 
1 




Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address + 1 
FFFF 

IX + Offset 

Op Code Address +2 


-4--. 




1 
1 




— i— 




Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address + 2 


; 




1 






] 


; 


Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address + 2 






1 
1 
1 




I 




Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 

2 
3 
4 

5 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
IX + Offset 


; 




1 
1 
1 




] 


i 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address + 1 
FFFF 

IX + Offset 
FFFF 

IX + Offset 

Op Code Address + 2 


; 




1 



1 
1 




] 




Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


TIM 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address + 2 
FFFF 

IX + Offset 

Op Code Address + 3 


I 





1 









Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

IX-t- Offset 
IX + Offset 

Op Code Address + 2 






1 



1 








Offset 

Restart Address (LSB) 

Operand Data 

00 

Next Op Code 


AIM EIM 
OIM 


7 


1 
2 
3 
4 

5 
6 
7 


Op Code Address + 1 
Op Code Address + 2 
FFFF 

IX + Offset 
FFFF 

IX + Offset 

Op Code Address + 3 




1 




1 



1 
1 




1 





Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand X)ata 
Next Op Code 
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Address Mode & 
Instructions 


Cycles 


Cycle 
« 


Address Bus 


R/W 


RD 


WR 


LIR 


Data Bus 


EXTEND 


JMP 


3 


1 

2 
3 


Op Code Address + 1 
Op Code Address + 2 
Jump Address 


] 







] 




Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


ADC ADD TST 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


4 


1 
2 
3 
4 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address + 3 


] 








[ 




Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address + 1 
Op Code Addiess + 2 
Destination Address 
Op Code Address + 3 


; 





1 








Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand -f 1 
Op Code Address -f 3 











; 


! 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address 2 
Destination Address 
Destination Address + 1 
Op Code Address + 3 


; 






1 
1 




; 


i 


Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


6 


1 
2 
3 
4 

6 


Op Code Address + 1 
Op Code Address+2 
FFFF 

Stack Pointer 
Stack Pointer — 1 
Jump Address 


] 





1 
1 




J 


\ 


Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address + 3 








1 
1 








Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Qp Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Op Code Address + 3 




1 






1 






1 





Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
00 

Next Op Code 
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Address Mode & 
Instructions 


Cycles 


Cycle 
« 


Address Bus 


R/W 


RD 


WR 


LIR 


Data Bus 


IMPLIED 


ABA ABX 

ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 

1 cDrt D<ni 
LonU nUL 

ROR NOP 

SBA SEC 

SEI SEV 

TAB TAP 

TBA TPA 

TST TSX 

TXS 


1 


1 


Op Code Address + 1 


1 





1 





Next Op Code 


\Jf\f\ AOU/A 


2 


2 


Op Code Address "t" 1 
FFFF 




1 




1 


Next Op Code 
Restart Address (LSB) 


PULA PULB 


3 


1 
2 
3 


Op Code Address + 1 
FFFF 

Stack Pointer + 1 


i 



1 




] 





Next Op Code 
Restart Address (LSB) 
Data from Stack 




4 


2 
3 
4 


Op Code Address + 1 
FFFF 

Stack Pointer 

Op Code Address + 1 


j 


1 
1 




; 


] 


Next Op Code 
Restart Address (LSB) 
Accunr>ulator Data 
Next Op Code 


PULX 


4 


1 

3 
4 


Op Code Address + 1 

Stack Pointer + 1 
Stack Pointer + 2 


; 










; 


Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


PSHX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Op Code Address + 1 






1 
1 
1 




i 

— !__ 




Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 


RTS 


5 


1 
2 
3 
4 

5 


Op Code Address + 1 
FFFF 

Stack Pointer + 1 
Stack Pointer + 2 
Return Address 






1 










Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


MUL 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address + 1 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 







J 




Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 



(Continued) 
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Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 




wW 


LiR 


Data Bus 


IMPLIED 


WAI 


9 


1 
2 
3 
4 
5 
6 

8 
9 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stark Pointer - 1 
Stack Pointer -2 
Stack Pointer - 3 
Stack Pointer"" 4 
Stack Pointer -5 
Stack Pointer -6 


1 
1 













1 
1 












Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 


RTI 


10 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Op Code Address + 1 
FFFF 

Stack Pointer + 1 
Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer +4 
Stack Pointer + 5 
Stack Pointer + 6 
Stack Pointer + 7 
Return Address 





1 












i 


Next Op Code 
Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 
Index Register (MSB) 
Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Cod6 of Return Routine 


SWI 


12 


1 
2 
3 
4 
5 
6 
7 

9 

10 
1 1 
12 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Stack Pointer -2 
Stack Pointer -3 
Stack Pointer -4 
Stack Pointer — 5 
Stack Pointer -6 
Vector Address FFFA 
Vector Address FFFB 
Address of SWI Routine 



























; 


Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Address of SWI Routine (MSB) 
Address of SWI Routine (LSB) 
First Op Code of SWI Routine 


SLP 


4 


1 
2 

Sleep 

1 

3 
4 


Op Code Address + 1 
FFFF 

FFFF 

Op Code Address + 1 


1 
1 




1 

i 

1 




i 

1 
1 


1 




Next Op Code 
Restart Address (LSB) 

Restart Address (LSB) 
Next Op Code 


RELATIVE 


BCC BCS 
BEQ BGE 
BGT BHI 
BLE BLS 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 


3 


1 
2 

3 


Op Code Address + 1 
FFFF 

1 Branch Address Test= 1 
1 Op Code Address +1 Test = "0 


1 
1 

1 




1 




1 
1 

1 


1 
1 




Branch Offset 
Restart Address (LSB) 
First Op Code of Branch Routine 
Next Op Code 


BSR 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer -1 
Branch Address 


1 
1 




1 




1 
1 
1 




1 
1 




1 


1 
1 
1 
1 




Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Op Code of Subroutine 
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■ WARNING CONCERNING THE BOARD DESIGN OF 
OSCILLATION CIRCUIT 

When designing a board, note that crosstalk may disturb the 
normal oscillation if signal lines are placed near the oscillation 
circuit as shown in Figure 26. Place the crystal and Cl as close 
to the HD6303X as possible. 



XTAL 
EXTAL 



Do not use this kind of printed-circuit board design. 

Figure 26 Warning concerning board design 
of oscillation circuit 



> RECEIVE MARGIN OF THE SCI 

Receive margin of the SCI contained in the HD6303X is 
shown in Table 1 7. 

Note: SCI - Serial Communication Interface 




Avoid signal lines 
in this area 



(Top View) 

Figure 27 Example of Oscillation Circuits in Board Design 
Table 17 





Bit distortion 


Character 




tolerance 


distortion tolerance 




(t-to) /to 


(T-To) /To 


HD6303X 


±43.7% 


±4.37% 



START 1 2 3 4 5 6 7 8 STOP 



Ideal Waveform 



Bit length [-^ to —•j 
Character length Tq- 



J I \ L 



Real Waveform 



■ WARNING CONCERNING WAI INSTRUCTION 

If the HALT signal is accepted by the MCU while the WAI in- 
struction is executing, the CPU will not operate correctly after 
HALT mode is canceled. 

WAI is a instruction which waits for an interrupt. The cor- 
responding interrupt routine is executed after an interrupt 
occurs. 

How ever, during the execution of the WAI instruction, 
HALT input makes the CPU malfunction and fetch an abnormal 
interrupt vectoring address. 

In HALT mode, the CPU operates correctly wit hout th e WAI 
instruction, a nd WAI is executed correctly without HALT input. 
Therefore, if HALT input is necessary, make interrupts wait 
during the loop routine, as shown in Figure 28. 



WAI 



wrong vector address 
(MSB) 



wrong vector address 
(LSB) 



op-code fetch 



_J 

f HALT input 
waiting for r 
interrupt J 

I interrupt occurs 



vector fetch for interrupt 



interrupt routine 



Figure 28 MAC function during WAI 
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CLI 



LOOP 



CLI 



LOOP 



I ) MAL function 



ii) Reconnnnended method 



Figure 29 Program to wait for interrupt 

■ WRITE ONLY REGISTER 

When the CPU reads a write-only register, the read data is 
always $FF, regardless of the value in the write-only register. 
Therefore, be careful of the results of instructions which read 
write-only register and perform an arithmetic or logical opera- 
tion on its contents, such as AIM, ADD, or ROL, is executed, 
because the arithmetic or logical operation is always done with 
the data $FF. In particulars, don't use the AIM, OIM or EIM 
instruction to manipulate the DDR bit of PORT. 



■ WARNING CONCERNING POWER START-UP 

RES must be held low for at least 20 ms when the power 
starts up. In this case, the internal reset func tion i s not effective 
until the oscillation begins at power-on. The RES signal is input 
to the LSI in synchronism with the internal clock (shown in 
Figure 30.) 

Therefore, after power starts up, the LSI conditions such as 
its I/O ports and operating mode, are unstable. Fix the level of 
I/O ports by means of an external circuit to determine the level 
for system operation during the oscillator stabilization time. 



RES pm- 



internal reset 
signal 



Figure 30 RES circuit 
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HD6303Y,HD63A03Y, 

H D63B03Y, H D63C03Y 

CMOS MPU (Micro Processing Unit) 



The HD6303Y is a CMOS 8-bit single-chip microprocessing unit 
which contains a CPU compatible with the CMOS 8-bit microcom- 
puter HD6301V, 256 bytes of RAM, 24 parallel I/O pins, Serial 
Communication Interface (SCI) and two timers 

■ FEATURES 

• Instruction Set Compatible with the HD6301V1 

• 256 Bytes of RAM 

• 24 Parallel I/O Pins 

• Parallel Handshake Interface (Port 6) 

• Darlington Transistor Drive (Port 2, 6) 

• 1 6-Bit Programmable Timer 

Input Capture Register X 1 
Free Running Counter x 1 
Output Compare Register x 2 

• 8-Bit Reloadable Timer 

External Event Counter 
Square Wave Generation 

• Serial Communication Interface (SCI) 

Asynchronous Mode (8 Transmit Formats, Hardware Parity) 
Clocked Synchronous Mode 

• Memory Ready 

3 Kinds of Memory Ready 

• Halt 

• Error Detection 

(Address Error, Op-code Error) 

• Interrupt — External 3, Internal 7 

• Maximum 65k Bytes Address Space 

• Low Power Dissipation Mode 

Sleep Mode 

Standby Mode (Hardware Standby, Software Standby) 

• Minimum Instruction Execution Time — 5fis (f = 2MHz) 

• Wide Range of Operation 



Vcc=3to5.5V 



Vcc=5V±10% 



(f=0.1 to 0.5MHz) 
f=0.1 to 1.0MHz : HD6303Y 
f=0.1 to 1.5MHz . HD63A03Y 
f=0.1 to 2.0MHz HD63B03Y 
f=0.1 to 3.0MH2 ; HD63C03Y 



■ PROGRAM DEVELOPMENT SUPPORT TOOLS 

• Cross assembler and compiler software for IBM PCs and 
compatibles 

• In circuit emulator for use with IBM PCs and compatibles 



HD6303YP,HD63A03YP, 
HD63B03YP,HD63C03YP 




(DP-64S) 



HD6303YF,HD63A03YF, 
HD63B03YF,HD63C03yF 




(FP-64) 



HD6303YH,HD63A03YH 
HD63B03YH,HD63C03YH 




(FP-64A) 



HD6303YCP,HD63A03YCP 
HD63B03YCP,HD63C03YCP 




(CP-68) 
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PIN ARRANGEMENT 

• HD6303YP, HD63A03YP, HD63B03YP, 



HD63C03YP 






o 




XTAL Q 




Urd 


EXTAL Q 






MPo (7 






MP, £^ 




Huff 






ran* 


ST6Y g 




3 Do 








PmQI 




go, 






rri _ 
^D, 


"ILJ 




[3|d« 






[3d, 








p,gR 






I'm (7s 






Pj^j^ 




Qa, 


In 






P.. Fl 




»2|Aj 


^hCI 




*j|A4 


Pu§o 




a A. 


PmE 




•a A 

gA« 


PmQ 




19 A, 








p»if 




•Da. 






*3a. 


P«ig< 




3a,o 






S9ai, 


P«E 




37)a,2 






llA,. 


Pn§o 




SAu 






>3a.i 


p«E 




gvcc 



(Top View) 

• HD6303YCP, HD63A03YCP, HD63B03YCP, 
HD63C03YCP 



• HD6303YF, HD63A03YF, HD63B03YF, 
HD63C03YF 

^ a ^ la F 15 k < 

NMI d 




I5iyis)l5ll5l^l£iyi£jl5jl5iyi5j 



a. o. a. Q. 0. a. 5 



(Top View) 



HD6303YH, HD63A03YH, HD63B03YH, 
HD63C03YH 



I la li ^ 1^ m Q I 



r 



P20 




P21 




P22 




P23 




P24 




P25 




P26 




P27 




NC 




Pso 




Psi 




P52 
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P54 




P65 




P68 




P67 





QeBMaiDiBisaiBM@i0ig^i3[gi@is 



o 



spiaiiiaigiaiBiaisiaiiiai@iBiHia 



<<<<<< 



(Top View) 





D2 




D, 




D4 




D, 




D« 




D7 




NC 




Ao 




A, 




A2 




As 




A4 




A, 
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A7 




Vss 




As 
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M OQ Q Q 





Iil|ilfflfil|i)[il|sIfil[iIjl|il|51[i[Sl(l 




P20DI 






P2.CII 






p„[T 




3 D4 






♦5] D, 






44] Do 


p»[I 






PjeCI 




42] Ao 


Pit EE 




♦D A» 


P^oCI 




«] A, 


P5. Qo 




m As 






H] A4 


pjjIH 




m A, 


P540I 




ID A, 


p«Q± 




1] At 


P^elH 




13 Vss, 


PstQa 
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(Top View) 
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■ BLOCK DIAGRAM 



P2o(Tm 
P2i(Touti) - 
P22(SCLK)^ 

P23(RX 
P24(TX )^ 
P25(T0Ut2)- 
P26( Touts) ■> 

P27(TCLK). 



P5.(n^2 )• 

P52( MR j ' 
P53(RAn) ' 

PBAim ) ' 

P5S(0? ) ' 

P56 

P57 

Peo 
Pei 

P62 
P63 
P64 

Pes 
Pee 

P67 



Vcc- 
Vss- 
Vss- 



TIMER1 A- 

V 



SCI 



TIMER2 












CO 





h- 


(£> 




Od 


ORT 




CL 



Urns 

5 S loc Ico Iz t 



CPU 



w 



3S 



V 







QQ 



^5 



Wr 

I.R/W" 
I.BA 

-Do 

-02 

- D3 
•►04 
-^Ds 
-►De 

-07 

^Ao 
-At 
-A2 
-A3 
-A4 
►As 
-Ae 
-A7 

► As 
-A9 
-A10 
-An 
-A, 2 
-A, 3 

- Al4 

-A15 



RAM 

256Bytes 



128 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3~+7.0 


V 


Input Voltage 


V.n 


-0.3~Vcc+0.3 


V 


Operating Temperature 




-20- +75 


•c 


Storage Temperature 




-55—1-150 





(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field 

But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits To assure the normal 
operation, we recommend V„, V^y,: Vgg ^ (V^ or ^ Vcc 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc = 5.0V ± 10%, Vgs = OV, T, = -20«C ~ + 75 *>C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RC5,5T5y 






Vcc- 0.5 


- 


Vcc 

-1-0.3 




Input "High" Voltage 


EXTAL 


V,H 




Vcc X 0.7 


— 


V 




Other Inputs 






2.0 


~ 




input "Low" Voltage 


All Inputs 


V,L 




-0.3 




0.8*** 


V 


Input Leakage Current 


FM, RES, 5TB?. 
MPq. MP^ 


Hinl 


V„=0 5~Vcc-0.5V 


- 


- 


1.0 


/xA 


Three State 
Leakage Current 


Ao~Aj5,Do~D7.RD, 
WR. R/W. Ports 2, 5. 6 


I'tsiI 


v,n — u.a Vcc tJ.OV 










Output "High" Voltage 


All Outputs 


VOH 


l0H= -200/iA 


2.4 






V 


loH= -10/itA 


Vcc- 0.7 






V 


Output "Low" Voltage 


All Outputs 


Vol 


•oL — -^mA 






0.4 


V 


Darlington Drive 
Current 


Ports 2, 6 


~'0H 


Vout=1-5V 


1.0 




10.0 


mA 


Input Capacitance 


All Inputs 


C,n 


V,„= OV.f = 1MHz, 
Ta = 25°C 






12.5 


pF 


Standby Current 


Non Operation 


'sTB 






3.0 


15.0 


mA 








Sleeping (f=1MHz^*) 




1.5 


3.0 


mA 






'SLP 


Sleeping (f = 1 .5MHz*») 




2.3 


4.5 


mA 








Sleeping (f=2MH2**)** 




3.0 


6.0 


mA 


Current Dissipation* 






Sleeping (f=3MHz) 




4.5 


9.0 


mA 






Operating (f=1MHz") 




7.0 


10.0 


mA 






«CC 


Operating (f = 1 .5MHz»») 




10.5 


15.0 


mA 








Operating (f=2MHz**)** 




14.0 


20.0 


mA 








Operating (f=3MHz) 




21.0 


30.0 


mA 


RAM Standby Voltage 


Vram 




2.0 






V 



• min = Vcc ~ ^ -^V, V^^ max = 8V (All output terminals are at no load ) 

** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency So the typ or max values about Current 
Dissipations at X MHz operation are decided according to the following formula 
typ. value (f = X MHz) = typ. value (f = 1MHz) X X 
max value (f = X MHz) - max. value (f 1MHz) x x 

(both the sleeping and operating) 

•** SCLK 0.6V (-20°C~0°C) 
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• AC CHARACTERISTICS (Vqc = 5.0V ± 10%, Vss = OV, Tg = -20 ~ +75°C, unless otherwise noted.) 

BUS TIMING 



Item 


Symbol 


Test 


HD6301Y0 


HD63A01Y0 


HD63B01Y0 


HD63C01Y0 




Condition 


mm. 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


Cycle Time 


*cyc 




1 


- 


10 


0.666 


- 


10 


05 


- 


10 


333 


- 


10 




Enable Rise Time 


tEr 




- 


- 


25 


- 


- 


25 


- 


_ 


25 


_ 


- 


20 


ns 


Enable Fall Time 


tEf 




- 


- 


25 


— 


- 


25 


- 


- 


25 


- 


- 


20 


ns 


Enable Pulse Width "High" Level* 


PWeh 




450 


— 


— 


300 


- 


— 


220 


- 


- 


140 


- 


- 


ns 


Enable Pulse Width "Low" Level* 


pWel 




450 


- 


- 


300 


- 


— 


220 


- 


- 


140 


- 


- 


ns 


Address, R/W Delay Time* 






- 


- 


250 


- 


— 


190 


- 


- 


160 


- 


- 


120 


ns 


Data Delay Time 


Write 






— 


- 


200 


- 


- 


160 


- 


- 


120 


- 


- 


100 


ns 


Data Set-up Time 


Read 


*DSR 




80 


— 


- 


70 


- 


- 


60 


- 


- 


50 


- 


- 


ns 


Address, R/W Hold Time* 


Uhi 




80 


— 


- 


50 


- 


- 


40 


_ 


- 


20 


- 


- 


ns 


Data Hold Time 


Write* 


*HW1 


Fig 1 


80 


- 


— 


50 


- 


- 


40 


- 


- 


20 


- 


_ 


ns 


RD, WR Address Hold Time* 


*AH2 




70 


- 


- 


50 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


RD, WR Data Hold Time* 


^HW2 




70 


- 


- 


60 


- 


- 


40 


- 


- 


20 


- 


- 


ns 


Data Hold Time 


Read 


*HR 







- 


- 





- 


- 





- 


- 





- 


- 


ns 


RD, WR Pulse Width* 


PWrw 




450 


- 


- 


300 


- 


_ 


220 


- 


- 


140 


- 


- 


ns 


RD, WR Delay Time 


*RWD 




- 


- 


40 


- 




40 


- 


- 


40 


- 


_ 


40 


ns 


RD, WR Hold Time 


*HRW 




- 


- 


20 


- 


- 


20 


- 


- 


20 


- 




20 


ns 


CM Delay Time 


blR 




_ 


- 


200 


- 


- 


160 


__ 




120 


- 


_ 


80 


ns 


iJR Hold Time 


^HLR 




10 


- 


- 


10 


- 


- 


10 


- 


- 


5 


- 


- 


ns 


Peripheral Read Access Time 


Ucc 






















180 


- 




ns 


MR Set-up Time* 


'SLR 




400 


- 


- 


280 


- 


- 


230 


- 


- 


170 


- 


- 


ns 


MR Hold Time* 


*HMR 


Fig 2 






100 






70 






50 






25 


ns 


E Clock Pulse Width at MR 


PWemr 








9 






9 






9 






9 


/»s 


Processor Control Set-up Time 


*PCS 


Fig 3, 13. 14 


200 






200 






200 






100 






ns 


Processor Control Rise Time 


Vcr 


Fig. 2, 3 






100 






100 






100 






50 


ns 


Processor Control Fall Time 


Vcf 






100 






100 






100 






50 


ns 


BA Delay Time 


tBA 


Fig. 3 






250 






190 






160 






120 


ns 


Oscillator Stabilization Time 


*RC 


Fig. 14 


20 






20 






20 






20 






ms 


Reset Pulse Width 


PWrst 




3 






3 






3 






3 






tcyc 



•These timings change in approximate proportion to t^yj. The figures in this characteristics represent those when tcyc is minimum ( = in the highest speed operation) 



Peripheral Port Timing 



Item 


Symbol 


Test 
condition 


HD6303Y 


HD63A03Y 


HD63B03Y 


HD63C03Y 


Unit 


min 


typ 


max 


min 


typ 


max 


mm 


typ 


max 


min 


typ 


max 


Peripheral Data 
Set Up Time 


Port 2,5,6 


tpDSU 


Fig. 5 


200 






200 






200 






200 






ns 


Peripheral Data 
Hold Time 


Port 2,5,6 


tpDH 


200 






200 






200 






200 






ns 


Delay Time (From 
Enable Fall Edge to 
Peripheral Output) 


Port 2,5,6 


tpWD 


Fig. 6 






300 






300 






300 






300 


ns 


Input Strobe Pulse Width 


tpWIS 


Fig.10 


200 






200 






200 






200 






ns 


Input Data Hold 
Time 


Port 6 


t|H 


150 






150 






150 






150 






ns 


Input Data Set -Up 
Time 


Port 6 


tis 


100 






100 






100 






100 






ns 


Output Strobe Delay Time 


tQSDI 
tDSD2 


Fig.11 






200 






200 






200 






200 


ns 
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TIMER, SCI TIMING 



Item 


Symtiol 


Test 


HD6303Y 


HD63A03Y 


HD63B03Y 


HD63C03Y 


Unit 


Condition 


mm 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


Timer 1 Input Pulse Width 




Fig 9 


20 






2.0 






20 






20 






^yc 


Delay Time (Enable Positive 
Transition to Timer Output) 


hoD 


Fig 7, 8 






400 






400 






400 






400 


ns 


SCI Input Clock Cycle 


Async Mode 


*Scyc 


Fig 9 


1 


- 


- 


1 


- 


- 


1 


- 


- 


1 


- 


- 


*cyc 


Clock Sync 


Fig 4 


20 


— 




20 






20 






20 






^cyc 


SCI Transmit Data Delay Time 
(Clock Sync Mode) 


^TXD 




_ 


_ 


220 


_ 


_ 


220 


_ 


_ 


220 


_ 





220 


ns 


SCI Receive Data Set-up Time 
(Clock Sync Mode) 


*SRX 


Fig 4 


260 


- 


- 


260 




- 


260 


- 


- 


260 


- 


- 


ns 


SCI Receive Data Hold Time 
(Clock Sync Mode) 


^HRX 


100 


_ 


_ 


100 


_ 


_ 


100 


_ 


_ 


100 


_ 


_ 


ns 


SCI Input Clock Pulse Width 


WSCK 




04 




0.6 


0.4 




06 


0.4 




0.6 


04 




06 


^Scyc 


Timer 2 Input Clock Cycle 






20 






20 






20 






20 






^cyc 


Timer 2 Input Clock Pulse Width 


*PWTCK 


Fig 9 


200 






200 






200 






200 






ns 


Timer 1-2, SCI Input 
Clock Rise Time 








100 






100 






100 






50 


ns 


Timer 1-2, SCI Input Clock Fall Time 


^CKf 








100 






100 






100 






50 


ns 
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Ao^ Ai5 
R/W 



RD.WR 



MPU Write 
D0-D7 



MPU Read 
D0-D7 



LIR 



■2.4V 



PWel 



-0.8V 



tCYC 



4 

r 



tAD 



><2 



!.4V 
1.8V 



tRWD 



tACC 



PWeh 



tEf- 



PWrw 



0.8V 



tDDW 



4V 
8V 



tOLR 



toSR 



.ov 

8V 



•0.8V 



Figure 1 Bus Timing 



tAHl 



■tAH2 



tHRW 



-tHW2 



tHWl 



> 



tHR 



> 



tHLR 



MR 



PWemr 



■tHMR 



^ ^0.8V 



2?0\Pe 

^ ^0.8V 

tpcf 



tSMR 



"tpcr 



Figure 2 Memory Ready and E Clock Timing 
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Last Instruction 
^Execution Cycle, 



HALT Cycle 



Instruction Execution 
Cycle 



HALT 




8V 



2 4V 





_ob4 

tPCf *| {- ■ 




Figure 3 HALT and BA Timing 



Synchronous Clock 



Transmit Data 



Receive Data 



2.4V/ 

0.8V/ 



(Inputs) 



v'Tiv y- 

A°ii A. 



\ / W_J \ 



•2 OV IS high level when clock input 
2.4V IS high level when clock output 



Figure 4 SCI Clocked Synchronous Timing 



MPU Read 



r 



MPU Write 



8V 



X r 



P20 P27' 

(Outputs) - 



tpwo 



2.4V 
0.8V 



Data Valid 



Figure 5 Port Data Set-up and Hold Times (MPU Read) 



Figure 6 Port Data Delay Times (MPU Write) 
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Timer 1 
FRC 

P21. P25- 
Outputs - 




Comoare V" 

M.atched A 

tTOD h 



4V 
8V 



Figure 7 Timer 1 Output Timing 



2 4V 



T2CNT N 

P« \3=: 

Output /^ij 



X 



$00 



-tTOD 



2 4V 
8V 



(TCONR = N) 
Figure 8 Timer 2 Output Timing 




•Timer 2 , ttcyc 
SCI , tScyc 



"Timer 1 , tpwT 
Timer 2 , tpwTCK 
SCI , tpwSCK 



P54(1B) 




Figures Timer 1 2, SCI Input Clock Timing 



Figure 10 Port 6 Input Latch Timing 



MPU access of 
P0RT6 




Vcc 
O 

Rl = 2 2kO 



Test Point O- 



182074(8) 
^R V or Equiv 



C = 90pF for Do—Dy, Aq—A^j, E 

= 30pF for Port 2. Port 5. Port 6. RD, 
WR.R/W,BA.tm" 
R = 12kn 



Figure 1 1 Output Strobe Timing 



Figure 12 Bus Timing Test Loads (TTL Load) 



iWi 

i"R5"j. 



JiTiJ"Lnj-Lj^jn_riJi_mn^^ 

DdXHXZZX — X~3< — X — X — >CZ3CZ)C: 

R ^ 



Op Code Op Code fffF SP 
Address Address +1 



SP2 SP 3 SP4 BP S SP6 V|Cgtor New 

Address Address Address 



XZXZ3(ZDCZDCIXZDCZ)CDCZXIIX: 



Op Operand Irrelevant PCO~ PC8 - IXQ 1X8- ACCA ACCB CCR Vector Vector First Inst of 
Code Op Code Data '*C7 PC 15 1X7 1X15 MSB LSB Interrupt Routine 



J- 



Figure 13 Interrupt Sequence 
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BnjiJxruiJiJiJiJiJTru"^^^?^^ 



1 



iDCZ)(ZXZOCZXZ)CDCZ>-' — igSiCDCDC: 

ffff FFFF FfFIt FFFf FFfF Ntw PC FFFF FFfF 




o-ooa 

PC8- PCO- First^ 
PC 15 PC 7 Instruction 

Figure 14 Reset Timing 



■ FUNCTIONAL PIN DESCRIPTION 

Vcc and W^s Provide power to the MPU with 5V± 10% supply. 
In the case of low speed operation (fmax= 500kHz), the MPU can 
operate with 3 to 5.5 volts. Two Vjs pins should be tied to ground. 

• XTAL, EXTAL 

These two pins interface with an AT-cut parallel resonant crystal. 
Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is 
used, the system clock is IMHz for example. 

EXTAL pin can be drived by the external clock with 45% to 55% 
duty. The system clock which is one fourth frequency of the exter- 
nal clock is generated in the LSI. The external clock frequency 
should be less than four times of the maximum operating frequen- 
cy. When using the external clock, XTAL pin should be open. Fig. 
15 shows examples of connection circuit. The crystal and Cli, Cl2 
should be mounted as close as possible to XTAL and EXTAL pins. 
Any line must not cross the line between the crystal oscillator and 
XTAL, EXTAL. 



AT Cut Parallel Resonant Crystal Oscillator 
Co=7pF max 
Rs=60Q max 



XTAL 






EXTAL 





Cli =Cl2 

= 10pF-22pF±20% 
(3.2--8MH2) 



Figure 1 5 Connection Circuit 



• 5tB¥ 

This pin makes the MPU standby mode. In "Low" level, the os- 
cillation stops and the internal clock is stabilized to make reset con- 
dition. To retain the contents of RAM at standby mode, "0" 
should be written into RAM enable bit (RAME). RAME is the bit 
6 of the RAM/port 5 control register at $0014. RAM is disabled by 
this operation and its contents is sustained. 

Refer to "LOW POWER DISSIPATION MODE" for the 
standby mode. 

• Reset (RES) 

This pin resets the MPU from po wer O FF state and provides a 
startup procedure. During power-on, RES pin must be held "Low" 
level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM and 
the data register of ports are not initialized during reset, so their 
contents are undefmed in this procedure^ 

To reset the MPU during operation, RES should be held "Low" 
for at least 3 system-clock cycles. At the 3rd cycle during "Low" 
level, all the address buses become "Hig h". W hen RES remains 
"Low", the address buses keep "High". If RES becomes "High", 
the MPU starts the next operation. 

(1) Latch the value of the mode program pins; MPq and MP,. 

(2) Initialize each internal register (Refer to Table 4). 

(3) Set the interrupt mask b i t. Fo r the CPU to recognize the 
maskable interrupts IRQ,, IRQ2 and IRQ3, this bit should be 
cleared in advance. 

(4) Put the contents (= start address) of the last two addresses 
($FFFE, $FFFF) into the program counter and start the pro- 
gram from this address. (Refer to Table 1). 

• Enable (E) 

This pin provides a TTI^compatible system clock to external cir- 
cuits. Its frequency is one fourth that of the crystal oscillator or ex- 
ternal clock. This pin can drive one TTL load and 90pF capacitance. 

• Non-Maskable Interrupt (NMI) 

When the falling edge of the input signal is detected at this pin, 
the CPU begins non-maskable interrupt sequence internally. As 
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well a s the IRQ mentioned below, the instruction being executed at 
NMI signal detection will proceed to its compeietion. The interrupt 
mask bit of the condition code register doesn't affect non-maskable 
interrupt at all. 

In response to an NMI interrupt, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack. Upon completion of this sequence, a 
vector is fetched from $FFFC and $FFFD to transfer their contents 
into the program counter and branch to the non-maskable interrupt 
service routine. 

(Note) At reset start, the stack pointer should be initialized on 
an appropri ate m emory area and then the falling edge 
be input to NMI pin. 



• Interrupt Request (IRQ^, IRQ2) 

These are level-sensitive pins which request an internal interrupt 
sequence to the CPU. At interrupt request, the CPU will complete 



the current instruction before the acceptance of the request. Unless 
the interrupt mask in the condition code register is set, the CPU 
starts an interrupt sequence; if set, the interrupt request will be ig- 
nored. When the sequence starts, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack, then the CPU sets the interrupt mask 
bit and will not acknowledge the maskable request. During the last 
cycle, the CPU fetches vectors depicted in Table 1 and transfers 
their contents to the program counter and branches to the service 
routine. 

The CPU uses the external interrupt pins (IRQi and IRQ2) also 
as port pins P50 and P5, , so it provides an enable bit to Bit and 1 of 
the RAM port 5 control register at $0014. Refer to "RAM/PORT 5 
CONTROL REGISTER" for the details. 

When one of the internal interrupts, ICI, OCI, TOI, CMI or SIO 
is generated, the CPU produce s inte rn al inte rrupt signal (IRQ3). 
IRQ3 functions just the same as IRQi or IRQ2 except for its vector 
address. Fig. 16 shows the block diagram of the interrupt circuit. 



Each Status Register's Interrupt 
Enable Flag 

"1 " , Enable, "0" ; Disable 




SWI 



Interrupt 
Request 
Signal 



Sleep 
} ^ — Cancel 
■^^'^ Signal 



Figure 16 Interrupt Circuit Block Diagram 
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Table 1 Interrupt Vector Memory Map 



Priority 


Vector 


Interrupt 


MSB 


LSB 


Highest 
Lowest 


FFFE 


FFFF 




FREE 


FFEF 


TRAP 


FFFC 


FFFD 


NMI 


FFFA 


FFFB 


SWI 

(Software Interrupt) 


FFF8 


FFF9 


IRQi, ISF (port 6 Input Strobe) 


FFF6 


FFF7 


ICI 

(Timer 1 input Capture) 


FFFA 


FFF5 


OCI 

(Timer 1 Output Compare 1 , 2) 


FFF2 


FFF3 


TOI 

(Timer 1 Overflow) 


FFEC 


FEED 


CMI 

(Timer 2 Counter Match) 


FFEA 


FFEB 




FFFO 


FFF1 


SIO 

(RDRF+ ORFE+ TDRE-I- PER) 



• Mode Program (MPq, MP^) 

Set MPo "High" and MP, "Low" 

• Read/Write (R/W) 

This signal, usually be in read state ("High"), shows whether 
the CPU is in read ("High") or write ("Low") state to the periph- 
eral or memory devices. This can drive one TIL load and 30pF ca- 
pacitance. 

These signals show active low outputs when the CPU is reading/ 
writing to the peripherals or memories. This enables the CPU easy 
to access the peripheral LSI with 105 and WR input pins. These pins 
can drive one TTL load and 30pF capacitance. 

• Load Instruction Register (LIR) 

This signal shows the instruction opecode being on data bus 
(active low). This pin can drive one TTL load and 30pF capacitance. 

• Memory Ready (MR; Pgj) 

This is the input control signal which stretches the system 
clock's "High" period to access low-speed memories. HD6303Y 
can select three kinds of low-speed memory access method by 
RAM/Port 5 Control Register's MRE bit and AMRE bit. In the 
case that CPU accesses low-speed memories by the external MR 
signal (MRE="1", AMRE="0"), the system clock operates in 
normal sequence when this signal is in "High". 

But this signal in "Low", the "High" period of the system clock 
will be stretched depending on its "Low'' level duration m integral 
multiples of the cycle time. This allows the CPU to interface with 
low-speed memories (See Fig. 2). Up to 9/xs can be stretched. 

During internal address space access or nonvalid memory ac- 
cess, MR is prohibited internally to prevent decrease of operation 
speed. Even in the halt state, MR can also stretch "High" period of 
system clock to allow peripheral devices to access low-speed memo- 



ries. Refer to "RAM/PORT 5 CONTROL REGISTER" for more 
details. 

• Halt (HALT; Pb3) 

This IS an input control signal to stop instruction execution and 
to release buses. When this signal switches to "Low", the CPU 
stops to enter into the halt state after having executed the present 
instruction. When entering into the hal t stat e, itjnakes BA "High" 
and also an address bus, data bus, RD, WR, R/W high impedance. 
When an interrupt is generated in the halt state, the CPU uses the 
interrupt handler after the halt is cancelled. When halted during the 
sleep state, the CPU keeps the sleep state, while BA is "High" and 
releases the bu ses. Th en the CPU returns to the previous sleep 
state when the HALT signal becom es "Hig h". 

(Note) Please don't switch the HALT signal to "Low" when 
the CPU executes the WAI instruction and is in the in- 
terrupt wait state to avoid the trouble of the CPU's op- 
eration after the halt is cancelled. 

• Bus Available (BA) 

This is an output control si gnal wh ich is normally "Low" but 
"High" when the CPU accepts HALT and releases the buses. The 
HD6800 and HD6802 make BA "High" and release the buses at 
WAI execution, while the HD6303Y doesn't make BA "High" 
under the same condition. 

■ PORT 

The HD6303Y provides three 8-bit I/O ports. Each port pro- 
vides Data Direction Register (DDR) which controls the I/O state 
by the bit. 



Table 2 Port and Data Direction Register Address 



Port 


Port Address 


Data Direction Register 


Port 2 


$0003 


$0001 


Port 5 


$0015 


$0020 


Porte 


$0017 


$0016 



• Port 2 

An 8-bit I/O port. Port 2 DDR (P2DDR) controls the I/O state. 
This port provides DDR corresponding to each bit and can deHne 
input or output by the bit ("0" for input, "1" for output). 

As Port 2 DDR is cleared during reset, it will be an input port. 

Port 2 is also used as an I/O pin for timer 1 , Timer 2 and the SCI. 
Pins for Timers and the SCI set or reset each DDR depending on 
their functions and become I/O pins. When port 2 functions as an 1/ 
O port after used as I/O pins of the timers or the SCI, the I/O direc- 
tion of the pins remain as it is used as the I/O pin of timer and SCI. 

Port 2 can drive one TTL load and 30pF capacitance. This port 
can produce 1mA when Vom=1.5V to drive directly the base of 
Darlington transistor. 

P20 (Tin) 

P20 is also used as an external input pin for the input-capture. 
This pin is an I/O port which is an input or output as defined by the 
Data Direction Register (PgoDDR) ("0" for an input and "1" for 
an output) Then either a signal to or from Pgo ("to" for an output 
port, "from" for an input port) is always input to the Timer 1 input 
capture. 
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P20 



RES 

L_ 

R 

Q D 
P20 DDR 
C 



Q D 
P20 DATA 



RP2 WP2 



WP2D DDR Write Signal 
WP2 Port Write Signal 
RP2 Port Read Signal 



Timer 1 

Input Capture Input 



P21 (Tout 1). P24 (Tx), P25 (Tout 2), P26 (Tout 3) 

These four pins can be also used as output pins for Timer 1, 
Timer 2 and a transmit output of the SCI. Timer 1, and the SCI 



have a register which enables output. By setting these registers, 
they automatically will be output pins of timer or the SCI. 




Timer 1, Timer 2 and SCI 



Output Data 
Output Enable Signal 
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P22 ISCLK) 

?22 is also used as a clock I/O pm for the SCI. It is selected as a 
clock input or output pin by the operating mode of the SCI. It is usa- 



ble as an I/O port when the SCI has no clock input or output (as an 
output port if DDR= 1, as an input port if P22 DDR=0). 



J 



S R, R2 
Q D 
P22 DDR 
C 



1 

WP2D 



Q D 
P22 DATA 
C 



1 

WP2 



SCI 



• Clock Input Enable signal 

• Output Clock 

• Clock Output Enable signal 
► Input Clock 



P23 (Rx). P27 (TCLK) 

P23 and P27 are also used as received data input pins for the SCI 
and external clock input pins for Timer 2. The SCI and Timer 2 
have registers which enable input. If the registers are set, the DDR 
(P23DDR, P27DDR) are cleared and P23 and P27 will be input 
pins for Rx and TCLK 



Since the SCI will be a clocked synchronous mode by an external 
clock-input during reset, the DDR of P22 is cleared automatically 
and P22 is an input port. Set the SCI to a mode where P22 is not used 
(CCO or CCl of the RMC Register is "0" or "1" respectively) and 
write "1" to the P22 DDR to make P22 an output port 




SCI, Timer 2 



Input Enable signal 
SCI Receive Data, 
Timer 2 External Clock 



MSB 



P27 

DDR 


P26 
DDR 


P26 
DDR 


P24 
DDR 


P23 
DDR 


P22 
DDR 


P2, 
DDR 


P20 
DDR 




P27 


P26 


P25 


P24 


P23 


P22 


P21 


P20 



P0RT2DDR ($0001) 
(Write only, $00 
during reset ) 



P0RT2 ($0003) 
(R/W, not ini- 
tialized during 
reset ) 
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• Port 6 

An 8^bit I/O port. The DDR of port 5 controls I/O state. Each bit 
of port 5 has a DDR which defines I/O state ("0" for input and "1" 
for output). 

During reset, the DDR of port 5 is cleared and port 5 becomes 
an input port. 

Port 5 is also usable as TI^,, IR^ HALT, MR and the strobed 
signal of port 6 for handshake (IS, OS). It is set to input or output 
automatically if it is used as these control signal pins (except P54, 
15). Since the DDR of port 5, as is port 2, is set or reset by the con- 
trol signal, I/O directions of the I/O ports are retained after the con- 
trol signal is disabled. Port 5 can drive one TTL load and 90pF ca- 
pacitance. 



P50 and Pg, are also u sable as i nterrupt pins. The RAM/port 5 
control registers of IRQ, and tkQz have enable bits (IQIE, IQ2E). 
When these bits are set to "1", P50 and Pg, will automatically be in- 
terrupt input pins. 

Pb2 (MR), Pg3 (HALf ) 

Psg and P53 are also usable as MR and HALT inputs. MR and 
HALT have enable bits (MRE, HLTE) in the RAM/Port 5 Control 
Register as IRQ, and IRQg. Since MRE is cleared during reset, P52 is 
usable as an I/O port, and HLTE is set duri ng reset, the DDR of P53 
will be automatically reset to be a HALT input pin. HLTE of the 
RAM/Port 5 Control Register has to be cleared to use P^g as an I/O 
port. 



PORT 
5n 



<1 



RES r- 

I r 

Ri R2 
Q D 
Psn DDR 



Q D 
Psn DATA 
C 

1 

RP5 WP5 



WP5D DDR Write signal 
WP5 Port Write signal 
RP5 Port Read signal 



RAM/PORT 
5 Control 
Register 



MR 
HSET 



* Initializing value during reset; 

IRQ1E= "0", IRQ2E= "0", MRE = "0", HLTE = "1" 



P54 «S) 

P54 is also usable as the input strobe (IS) for port 6 handshake 
interface. This pin, as is Pjo, is always an I/O port. If P^ is used as an 

RES 
J 



P54 



O D 
P54 DDR 
C 



1 

WP5D 



Q D 
P54 DATA 
C 



RP5 



WP5 



output port (set the DDR of P54 to "1"), an output signal from 
will be the input to IS. 



. Port 6 Control Status Register 
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P55 is also usable as the output strobe (OS) for port 6 handshake 
interface. It will be an I/O port during reset, and an CfS output pin 



by setting the DS enable register (OSE) of the port 6 Control Status 
Register (P6CSR). 



P68 



[> 



RES 



S R 
Q D 
P56 DDR 
C 

WP5D 



Q D 
P56 DATA 
C 



WP5 



RP5 



Port 6 Control/Status Register 



-OS 

■OSE /I OS output \ 
\ OS output disable/ 



P56 and P57 are I/O ports. 




P67 


P56 


P56 


P54 


P63 


P52 


P51 


Pso 


DDR 


DDR 


DDR 


DDR 


DDR 


DDR 


DDR 


DDR 



PORTS DDR ($0020) 
(Write only, $00 
during reset ) 



P51 



P0RT5 ($0015) 
(R/W, not ini- 
tialized during 
reset ) 
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• Port 6 

8-bit I/O port. Port 6 DDR controls I/O state. Each bit of port 6 
has a DDR and designates input or output ("0" for input, "1" for 
output). During reset, Port 6 DDR is cleared and port 6 becomes an 
input port. 



Port 6 controls parallel handshake interface besides functions as 
an I/O port. Therefore, it provides DDRs to control and IS LATCH 
to latch the input data. 

Port 6 can drive one TTL load and 30pF capacitance. It can drive 
directly the base of Darlington transistor as port 2. 



PORT 
6n 



D Q 
IS LATCH 
C 



RES 

L- 

R 

Q D 
Pen DDR 
C 



— r 

WP6D 




WP6D 

WP6 

RP6 



DDR Write signal 
Port Write signal 
Port Read signal 



. Port 6 
Control Status Register 



P67 

DDR 


Pee 
DDR 


Pes 
DDR 


Pe4 
DDR 


Pea 
DDR 


P62 

DDR 


Pel 
DDR 


Peo 
DDR 




P67 


Pee 


Pes 


P64 


Pea 


Pe2 


Pel 


Peo 



P0RT6 DDR ($0016) 
(Write only, $00 
during reset ) 

P0RT6 ($0017) 
(R/W, not ini- 
tialized dunng 
reset ) 



■ BUS 

• Address Bus (Aq — A^ 

Address Bus (Ao ~ Ajj) is used for addressing the memory and 
peripheral LSI. 

This bus can interface with the bus of HMCS 6800 and drive one 
TTL load ai,d 90pF capacitance. 

• Data Bus (Do — O7) 

8-bit parallel data bus for data transmit between the memory or 
peripheral LSI. This bus can drive one TTL load and 90pF capaci- 
tance. 

■ RAM/PORT 5 CONTROL REGISTER 

The control register located at $0014 controls on-chip RAM and 
port 5. 



RAM/Port 5 Control Register (RP5CR) 



7 


6 


5 


4 


3 


2 


1 





STBY 
PWR 


RAME 


STBY 
FLAG 


AMR 

E 


HLTE 


MRE 


IRQ2 
E 


IRQ, 
E 



Bit 0, Bit 1 mS^^. im:2 Enable Bit (IRQ^E, IRQjE) 

When using P^^ and P5, as interrupt pins, write "1" in these bits. 
When the bit is set to "1", the DDRs corresponding to P50 and 



P5, are cleared and become IRQ, input pin and IRQ2 input pin. 
When IRQ,E and IRQ2E are set, P50 and P5, cannot be used as an 
output ports. When "0", the CPU doesn't accept an external inter- 
rupt or a sleep cancellation by the external interrupt. These bits are 
cleared during reset. 

Bit 2 Memory Ready Enable Bit (MRE) 

When using P52 as an input pin of the "memory ready" signal, 
write "1" in this bit When set, P52 DDR is automatically cleared 
and becomes the MR input pin. The bit is cleared during reset. 

Bit 3 Halt Enable Bit (HLTE) 

When using P53 as an input pin of the HALT signal, write "1" in 
this bit. When this bit is set, P53 DDR is automatically cleared and 
becomes the Halt input pin. If the bit is "0", the Halt function is 
inhibited and P53 is used as an I/O port. The bit is set to "1" during 
reset. 

Bit 4 Auto Memory Ready Enable Bit (AM RE) 

When the bit is set and the CPU accesses the external address, 
"memory ready" operates automatically and stretches the E clock's 
"High" duration for one system clock. When MRE bit of bit 2 is 
cleared and when the CPU accesses the external address space, the 
function operates. When MRE bit is set and then the CPU accesses 
the external address space with PjgCMR) pin in "low", "memory 
ready" operates automatically. This bit is set to "1" during reset. 



142 
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Table 3 "Memory Ready" Function 



MRE 


AMRE 


Function 








"Memory ready" inhibited. 





1 


When the CPU accesses the external address, "High" duration of E clock automatically becomes one-cycle 
longer This state is retained during reset 


1 





"Memory ready" operates by P52 (MR) pin The function is the same as that of the HD6301X0 


1 


1 


When the CPU accesses the external address space with the P52 (MR) pin in "low", the "auto memory 
ready" operates This function is effective if it has both "high-speed memory" and "slow memory" 
outside Input CS signal of "slow memory" to MR pin 



Bit 6 Standby Flag (STBY FLAG) 

By clearing this flag, HD6303Y gets into the standby mode by 
software. This flag i s set to "1" during reset , so the standby mode is 
canceled with RES pin in "low" The RES pin shou ld be i n "low" 
until oscillation becomes stable (min 20ms.). If the STBY pin i n is 
in "low", the standby mode can not be canceled with the RES pin 
in "low". 

Bit 6 RAM Enable (RAME) 

On-chip RAM can be disabled by this control bit By resetting 
the MPU, "1" is set to this bit, and on-chip RAM is enabled When 



this bit is cleared (= logic "0") on-chip RAM is invalid and the 
CPU can read data from external memory. This bit should be "0" 
before getting into the standby mode to protect on-chip RAM data. 

Bit 7 Standby Power Bit (STBY PWR) 

When V^c is not provided in standby mode, this bit is cleared 
This IS a flag for read/write and can be read by software. If this bit is 
set before standyby mode, and remains set even after returning 
from standby mode, V^c voltage is provided during standby mode 
and the on-chip RAM data is valid. 



(a) MRE = 0. AMRE=1 



H __ri_j L..J L_r~i_j L_.j L_r~i_ 



(b) MRE=1. AMRE=1 

^ __r~i__r"LJ L.,J L_r~LJ l.j l_ 

Ajjdress -y external S/ internal V Z^ZZITIZTZ V external V T'^ZITZ^Zir^ V 

Bus A address A address A ^^^^'''^^ ^^^'^^^^ A address X A 

MR_ V- / \ 

(CS pin of "slow memory") 



(c) MRE=1,AMRE = (HD6301X0 Compatible Mode) 

^ \ — I \ — 1_ 



Address 
Bus 



MR 



X 



"^(^ external 



external address 



- tHMR 



J — L_r 



external 
address 



"L. 
O 



- tsMR 



■ Port 6 Control/Status Register 

This is the Control/Status Register for parallel handshake inter- 
face using Port 6. The functions are as follows, 

1) Latches input data to Port 6 at the IS (P54) falling edge 

2) Outputs a strobe signal OS (P.^) outward by reading or writ- 
ing to port 6. 

3) When IS FLAG is set at the IS falling edge, an interrupt oc- 
curs. 



Figure 17 Memory Ready Timing 

The following shows Port 6 Control/Status Register (P6CSR). 



7 


6 


5 


4 


3 


2 


1 





IS* 
FLAG 


ISIRQ1 
ENABLE 


OSE 


OSS 


LATCH 
ENABLE 









$0021 



•Bit 7 IS Read-only bit 
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Bit 
Bit 1 
Bit 2 



Not used. 



strobe. When cleared, Pgg functions as an I/O port. When set, P55 
functions as an JJS output pin. (Pj^ DDR is set by OSE.) This bit is 
cleared during reset. 



Bit 3: Latch Enable 

This register controls the input latch for Port 6 (ISLATCH). 
When this bit is set to "1", the input data to port 6 will be latched 
inward at thel^ (P54) falling edge. An input latch will be canceled by 
reading Port 6, which enables to latch the next data. If cleared, the 
input latch remains canceled and this bit functions as a usual input 
port. This bit is cleared during reset. 

Bit 4: OSS Output Stroba Select _ 

This register initiates an output strobe (OS) from P55 by reading 
or writing to port 6. When cleared, OS occurs by reading Port 6. 
When set, t55 occurs by writing to Port 6. This bit is cleared during 
reset. 

Bit 6: OSE Output Strobe Enable 

This register decides the enabling or disabling of the output 



Bit 6: IS IRQ^ E nable Input Strobe Interrupt Enable 

When set, an IRQ, interrupt to the CPU occurs by setting IS 
FLAG of bit 7. When cleared, the interrupt does not occur. This bit 
is cleared during reset. 

Bit 7: IS Flag Input Strobe Flag 

This flag is set at the IS (P^) falling edge. This flag is for read- 
only. When set, the flag is cleared by reading or writing to Port 6 
after reading the Port 6 Control Status Register. This bit is cleared 
during reset. 

■ MEMORY MAP 

The MPU can address up to 65k bytes. Memory map is shown in 
Fig. 20. 40 addresses ($0000 ~ $0027 except $00, $02, $04, $05, 
$06, $07, $18) are the internal registers as shown in Table 4. 



HD6303Y 
MSB 



IS FLAG 


IS IRG1 
ENABLE 












1 > 



Port 6 Control/Status Register 



— 



IRQ1 
E 



-IRQ1 



Figure 18 Input Strobe Interrupt block Diagram 



q 

r 



WE - 



PORT 5 ^ k 

PORT 6 ^ ^ 



MPo 
MP, 
XTAL 



HD6303Y 
MPU 



•-R/W 



Figure 1 9 HD6303Y Operating Function 
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Table 4 Internal Register 



Register 



Abbreviation 



R/W 



Initialized value 
during reset"' 



Port 1 DDR (Data Direction Register) 

Port 2 DDR 

Port 1 

Port 2 

Port 3 DDR 

Port 4 DDR 

Port 3 

Port 4 

Timer Control/Status Register 1 
Free Running Counter (MSB) 
Free Running Counter (LSB) 
Output Compare Register 1 (MSB) 
Output Compare Register 1 (LSB) 
Input Capture Register (MSB) 
Input Capture Register (LSB) 
Timer Control/Status Register 2 
Rate/Mode Control Register 
Tx/Rx Control Status Register 1 
Receive Data Register 
Transmit Data Register 
RAM/Port 5 Control Register 
Port 5 
Porte DDR 
Porte 
Port? 

Output Compare Register 2 (MSB) 
Output Compare Register 2 (LSB) 
Timer Control/Status Register 3 
Time Constant Register 
Timer 2 Up Counter 
Tx/Rx Control Status Register 2 
Test Register* 
PORT 5 DDR 

PORT 6 Control/Status Register 



Reserved 



PI DDR 

P2DDR 

P0RT1 

P0RT2 

P3DDR 

P4DDR 

P0RT3 

P0RT4 

TCSRl 

FRCH 

FRCL 

0CR1H 

0CR1L 

ICRH 

ICRL 

TCSR2 

RMCR 

TRCSR1 

RDR 

TDR 

RP5CR 

P0RT5 

PeDDR 

P0RT6 

PORT? 

0CR2H 

0CR2L 

TCSR3 

TCONR 

T2CNT 

TRCSR2 

TSTREG 

P5DDR 

pecsR 



W 
W 

R/W 
R/W 

W 

W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

R 

R 
R/W 
R/W 
R/W 

R 

W 
R/W 
R/W 

W 
R/W 
R/W 
R/W 
R/W 
R/W 

W 
R/W 
R/W 

W 

R/W 



$FE 
$00 

indefinite 
indefinite 
$FE 
$00 

indefinite 

indefinite 

$00 

$00 

$00 

$FF 

$FF 

$00 

$00 

$10 

$C0 

$20 

$00 

indefinite 
$F8 or $?8 
indefinite 
$00 

indefinite 

indefinite 

$FF 

$FF 

$20 

$FF 

$00 

$28 

$00 
$07 



External address 

' R Read-only register, W Write-only register, R/W Read/Write register 
' When empty bit is in the register, it is set to "1 " 
' Register for test Don't access this register 
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$0000 
$0027 
$0040 

$0(3F 



$FFFF 



Internal * 
Register 



External Memory 
Space 



Internal RAM 
256 Bytes 



External 
Memory 
Space 



•This mode does not 
include the addresses. 
$00, $02, $04, $05, 
$06, $07 or $18 which 
can be used externally. 



Figure 20 HD6303Y Mennory Map 

■ TIMER 1 

The HD6303Y provides a 16-bit programmable timer which can 
simultaneously measure an input waveform and generate two inde- 
pendent output waveforms. The pulse widths of both input/output 
waveforms vary from microseconds to seconds. 

Timer 1 is configured as follows (refer to Fig. 22). 

• Control/Status Register 1 (8 bit) 

• Control/Status Register 2 (7 bit) 

• Free Running Counter (16 bit) 

• Output Compare Register 1 (16 bit) 

• Output Compare Register 2 (16 bit) 

• Input Capture Register (16 bit) 

• Free-Running Counter (FRC)($0009:000A) 

The key timer element is a 16-bit free-running counter driven 
and incremented by system clock The counter value is readable by 
software without affecting the counter. The counter is cleared dur- 
ing reset. 

When writing to the upper byte ($09), the CPU writes the preset 
value ($FFF8) into the counter (address $09, $0A) regardless of 
the write data value. But when writing to the lower byte ($0A) after 
the upper byte writing, the CPU writes not only lower byte data into 
lower 8 bit, but also upper byte data into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it by dou- 
ble store mstructions (STD, STX, etc.) 



$09 Write , $0A Wr ite 
" ($5 A) T (SF3) 



Counter value 



$FFF8 



$5AF3 



I 



In the case of the CPU write ($5AF3) to the FRC 
Figure 2 1 Counter Write Timing 



• Output Compare Register (OCR) 

($000B, $000C; 0CR1) ($0019, $001 A: 0CR2) 

The output compare register is a 16-bit read/write register which 
can control an output waveform. The data of OCR is always com- 
pared with the FRC. 

When the data matches, output compare flag (OCF) in the timer 
control/status register (TCSR) is set. If an output enable bit (OE) in 
the TCSR2 is "1", an output level bit(OLVL) in the TCSR will be 
output to bit 1 (OCR 1) and bit 5 (OCR 2) of port 2. To control the 
output level again by the next compare, the value of OCR and 
OLVL should be changed. The OCR is set to $FFFF at reset. The 
compare function is inhibited for a cycle just after a write to the up- 
per byte of the OCR or FRC. This is to set the 16-bit value valid in 
the counter register for compare. In addition, it is because counter 
is to set $FFF8 at the next cycle of the CPU's upper byte write to 
the FRC. 

* For data write to the FRC or the OCR, 2-byte transfer in- 
struction (such as STX, etc.) should be used. 

• Input Capture Register (ICR) ($000D : OOOE) 

The input capture register is a 16-bit read-only register which 
stores the FRC's value when external input signal transition gener- 
ates an input capture pulse. Such transition is controled by input 
edge bit (lEDG) in the TCSRl. 

In order to input the external input signal to the edge detector, a 
bit of the DDR corresponding to bit of port 2 should be cleared 
("0"). When an input capture pulse occurs by external input signal 
transition at the next cycle of CPU's high-byte read of the ICR, the 
input capture pulse will be delayed by one cycle. In order to ensure 
the input capture operation, a CPU read of the ICR needs 2-byte 
transfer instruction. The input pulse width should be at least 2 sys- 
tem cycles. This register is cleared ($0000) during reset. 

• Timer Control/Status Register 1 (TCSRl) ($0008) 

The timer control/status register 1 is an 8-bit register. All bits are 
readable and the lower 5 bits are also writable. The upper 3 bits are 
read-only which indicate the following timer status. 
Bit 5 The counter value reached to $0000 as a result of coun- 
ting-up (TOF). 

Bit 6 A match has occurred between the FRC and the OCR 1 
(OCFl). 

Bit 7 Defmed transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 
The followings are the each bit descriptions. 

Timer Control/Status Register 1 
6 5 4 3 2 1 



ICF 


OCFl 


TOF 


EiCI 


E0CI1 


ETOI 


lEDG 


0LVL1 



Bit 0LVL1 Output Level 1 

OLVLl is transferred to port 2, bit 1 when a match occurs be- 
tween the counter and the OCRl. If bit of the TCSR2 (OEl), 
is set to "1", OLVLl will appear at bit 1 of port 2. 
Bit 1 lEDG Input Edge 

This bit determines which edge, rising or falling, of input sig- 
nal of bit of port 2 will trigger data transfer from the counter to 
the ICR For this function, the DDR corresponding to port 2, bit 
should be cleared beforehand. 
IEDG=0, triggered on a falling edge 

("High" to "Low") 
IEDG = 1, triggered on a rising edge 
("Low" to "High") 

Bit 2 ETOI Enable Timer Overflow Interrupt 

When this bit is set, an internal interrupt (IRQ3) by TOI inter- 
rupt is enabled. When cleared, the interrupt is inhibited. 
Bit 3 E0CI1 Enable Output Compare interrupt 1 
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When this bit is set, an internal interrupt (IRQ3) by OCIl in- 
terrupt is enabled. When cleared, the interrupt is inhibited. 
Bit 4 EICI Enable Input Capture Interrupt 

When this bit is set, an internal interrupt (IRQ3) by ICI inter- 
rupt is enabled. When cleared, the interrupt is inhibited 
Bit 6 TOF Timer Overflow Flag 

This read-only bit is set when the counter increments from 
SFFFF by 1. Cleared when the counter's MSB byte ($0009) is 
read by the CPU after the TCSRl read at TOF= 1. 
Bit 6 0CF1 Output Compare Flag 1 

This read-only bit is set when a match occurs between the 
OCRl and the FRC. Cleared when writing to the OCRl ($000B 
or SOOOC) after the TCSRl or TCSR2 read at OCF= 1 
Bit 7 ICF Input Capture Flag 

This read-only bit is set when an input signal of port 2, bit 
makes a transition as defined by lEDG and the FRC is transfer- 
red to the ICR. Cleared when reading the upper byte ($000D) of 
the ICR after the TCSRl or TCSR2 read at ICF= 1. 

• Timer Control/Status Register 2 (TCSR2) ($000F) 

The timer control/status register 2 is a 7-bit register. All bits are 
readable and the lower 4 bits are also writable But the upper 3 bits 
are read-only which indicate the following timer status. 
Bit 5 A match has occurred between the FRC and the 0CR2 
(0CF2). 

Bit 6 

Timer Control/Status f^egister 2 



7 


6 


5 


4 


3 


2 


1 





ICF 


OCFl 


0CF2 




E0CI2 


0LVL2 


0E2 


0E1 



$000F 



Bit 7 The same status flag as the ICF flag of the TCSRl, bit 7 
The followings are the each bit descriptions 

Bit 0E1 Output Enable 1 

This bit enables the OLVLl to appear at port 2, bit 1 when a 
match has occurred between the counter and the output com- 
pare register 1 When this bit is cleared, bit 1 of port 2 will be an 
I/O port When set, it will be an output of OLVLl automatically 
Bit 1 0E2 Output Enable 2 

This bit enables the 0LVL2 to appear at port 2, bit 5 when a 
match has occurred between the counter and the output com- 
pare register 2 When this bit is cleared, port 2, bit 5 will be an 1/ 
O port. When set, it will be an output of 0LVL2 automatically. 
Bit 2 0LVL2 Output Level 2 

OLVL2 IS transferred to port 2, bit 5 when a match has occur- 
red between the counter and the 0CR2 If bit 5 of the TCSR2 
(0E2), is set to "1", 0LVL2 will appear at port 2, bit 5. 
Bit 3 E0CI2 Enable Output Compare Interrupt 2 

When this bit is set, an internal interrupt (IRQ3) by 0CI2 in- 
terrupt is enabled. When cleared, the interrupt is inhibited 
Bit 4 Not used 

Bit 5 0CF2 Output Compare Flag 2 

This read-only bit is set when a match has occurred between 
the counter and the 0CR2 Cleared when writing to the 0CR2 
($0019 or $001 A) after the TCSR2 read at 0CF2= 1 
Bit 6 OCFl Output Compare Flag 1 
Bit 7 ICF Input Capture Flag 

OCFl and ICF are dual addressed If which register, TCSRl 
or TCSR2, CPU reads, it can read OCFl and ICF to bit 6 and bit 
7. 

Both the TCSRl and TCSR2 will be cleared during reset. 
(Note) If OEl or 0E2 is set to "1" before the first output com- 
pare match occurs after reset restart, bit 1 or bit 5 of port 2 
will produce ''0" respectively. 
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1' 
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7 
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Overflow Detect 



Edge Detect 



r- RES 



IRQ3 - 



TCSRl 
$08 



EOCI2 0LVL2 0E2 



TCSR2 
$0F 
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Figure 22 Timer 1 Block Diagram 
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■ TIMER 2 

In addition to the timer 1, the HD6303Y provides an 8-bit re- 
loadable timer, which is capable of counting the external event. The 
timer 2 contains a timer output, so the MPU can generate three in- 
dependent waveforms. (Refer to Fig. 23.) 

The timer 2 is configured as follows: 

• Control/Status Register 3 (7 bits) 

• 8-bit Up Counter 

• Time Constant Register (8 bits) 

• Timer 2 Up Counter (T2CNT) ($001 D) 

This is an 8-bit up counter which operates with the clock decided 
by CKSO and CKSl of the TCSR3. The CPU can read the value of 
the counter without affecting the counter. In addition, any value 
can be written to the counter by software even during counting. 

The counter is cleared when a match occurs between the counter 
and the TCONR or during reset. 

If the write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the write 
data to the counter. 

• Time Constant Register (TCONR) ($001 C) 

The time constant register is an 8-bit write only register. The 
data of register is always compared with the counter. 

When a match has occurred, the counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 



selected by TOSO and TOSl of the TCSR3 will appear at port 2, bit 
6. When CMF is set, the counter will be cleared simultaneously and 
then start counting from $00. This enables regular interrupts and 
waveform outputs without any software support. The TCONR is set 
to "$FF" during reset. 

• Timer Control/Status Register 3 (TCSR3) ($001 B) 

The timer control/status register 3 is a 7-bit register. All bits are 
readable and 6 bits except for CMF can be written. 
The followings are each pin descriptions. 

Timer Control/Status Register 3 
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5 


4 


3 


2 


1 





CMF 


ECMI 




T2E 


TOSl 


TOSO 


CKSl 


CKSO 



$00 IB 



Bit CKSO input Clocic Select 
Bit 1 CKSl Input Clock Select 1 

Input clock to the counter is selected as shown in Table 5 de- 
pending on these two bits. When an external clock is selected, 
bit 7 of port 2 will be a clock input automatically. Timer 2 detects 
the rising edge of the external clock and increments the counter. 
The external clock is countable up to half the frequency of the 
system clock. 
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Figure 23 Timer 2 Block Diagram 
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Table 5 Input Clock Select 



CKS1 


CKSO 


Input Clock to the Counter 








E clock 





1 


E clock/8" 


1 





E clock/1 28* 


1 


1 


External clock 



* These clocks come from the PRC of the timer 1 If one of these clocks is 
selected as an input clock to the up counter, the CPU should not wnte to 
the PRC of the timer 1 

Bit 2 TOSO Timer Output Select 
Bit 3 T0S1 Timer Output Select 1 

When a match occurs between the counter and the TCONR 
timer 2 outputs shown in Table 6 will appear at port 2, bit 6 de- 
pending on these two bits. When both TOSO and TOSl are "0", 
bit 6 of port 2 will be an I/O port. 

Table 6 Timer 2 Output Select 



TOSl 


TOSO 


Timer Output 








Timer Output Inhibited 





1 


Toggle Output* 


1 





Output "0" 


1 


1 


Output "1" 



When a match occurs between the counter and the TCONR, timer 2 
output level is reversed This leads to production of a square wave with 
50% duty to the external without any software support 



Bit 4 T2E Timer 2 Enable Bit 

When this bit is cleared, a clock input to the up counter is 
inhibited and the up counter stops When set to "T', a clock 



Receive Shift Register 



P24 



selected by CKSl and CKSO (Table S) is input to the up counter. 

(Note) outputs "0" when T2E bit cleared and timer 2 set in 
output enable condition by TOSl or TOSO. It also outputs 
"0" when T2E bit set "1" and timer 2 set in output ena- 
ble condition before the first counter match occurs. 

Bit 5 Not Used. 

Bit 6 ECMI Enable Counter Match Interrupt 

When this bit is set, an internal interrupt (IRQ3) by CMI is 
enabled. When cleared, the interrupt is inhibited. 
Bit 7 CMF Counter Match Flag 

This read-only bit is set when a match occurs between the up 
counter and the TCONR. Cleared by writing "0" at CMF= 1 by 
software (unable to write "1" by software). 
Each bit of the TCSR3 is cleared during reset. 

■ SERIAL COMMUNICATION INTERFACE (SCI) 

The Serial Communication Interface (SCI) in the HD6303Y 
contains the following two operating modes: asynchronous mode by 
the NRZ format, and clocked synchronous mode which transfers 
data synchronously with the clock. In the asynchronous mode, data 
length, parity bits and number of stop bits can be selected, and eight 
transfer formats are provided. 

The SCI consists of the following registers as shown in Fig. 24 
Block Diagram. 

Transmit/Receive Control Status Register 1 (TRCSRl) 
Rate/Mode Control Register (RMCR) 
Transmit/Receive Control Status Register 2 (TRCSR2) 
Receive Data Register (RDR) 
Recevie Shift Register 
Transmit Data Register (TDR) 
Transmit Shift Register 
To operate the SCI, initialize the RMCR and TRCSR2, after 
selecting the desirable operating mode and transfer format. Next, 
set the enable bit (TE or RE) of the TRCSRl. Operating mode and 
transfer format should be changed when the enable bit (TE, RE) is 
cleared. When setting the TE or RE again after changing the operat- 
ing mode or transfer format, interval of more than a 1-bit cycle of 
the baud rate or bit rate is necessary. If a 1-bit cycle or more is not 
allowed, the SCI block may not be initialized. 
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Figure 24 SCI Block Diagram 
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• Asynchronous Mode 

Asynchronous mode contains 8 transfer formats as shown in 
Fig. 25. 

Data transmission is enabled by setting TE bit of the TRCSRl, 
then port 2, bit 4 will unconditionally become a serial output inde- 
pendently of the corresponding DDR 

To transmit data, set the desirable transmit format with RMCR 
and TRCSR2 When the TE bit is set, the data can be transmitted 
after transmittmg the one frame of preamble ("1"). 

The conditions at this stage are as follows. 

1) If the TDR is empty (TDRE=1), consecutive Ts are pro- 
duced to indicate the idle state. 

2) If the TDR contains data (TDRE=0), data is sent to the 
Transmit Shift Register and data transmit starts. 

During data transmit, a start bit of "0" is transmitted first. Then 
7-bit or 8-bit data (starts from bit 0) is transmitted. With PEN= 1, 
the parity bit, even or odd, selected by EOP bit is added, lastly the 
stop bit (1 bit or 2 bis) is sent. 

When the TDR is "empty", hardware sets TDRE flag bit. If the 
CPU doesn't respond to the flag in proper timing (the TDRE is in 
set condition till the next normal data transfer starts from the trans- 
mit data register to the transmit sift register), "1" is transferred in- 
stead of the start bit "0" and continues to be transferred till data is 
provided to the data register While the TDRE is "1", "0" is not 
transferred. 

Data receive is possible by setting RE bit This makes port 2, 
bit 3 a serial input. The operation mode of data receive is decided by 



the contents of the TRCSR2 and RMCR at first, and set RE bit of 
TRCSRl. The first "0" (space) synchronizes the receive bit flow. 
Each bit of the following data will be strobed in the middle. If a stop 
bit is not "1", a framing error assumed and ORFE is set 

When a framing error occurs, receive data is transferred to the 
Receive Data Register and the CPU can read the error-generating 
data. This makes it possible to detect a line break. 

When PEN bit is set, the parity check is done. If the parity bit 
does not match the EOP bit, a parity error occurs and the PER bit is 
set, not the RDRF bit. Also, when the parity error occurs the re- 
ceive data can be read just like in the case of the framing error. 

The RDRF flag is set when the data is received without a fram- 
ing error and a parity error. 

If RDRF is still set when receiving the stop bit of the next data, 
ORFE is set to indicate the overrun generation. CPU can get the re- 
ceive data by reading RDR. When 7 bit data format is selected, the 
8th bit of RDR is "0". 

When the CPU read the receive Data Register as a response to 
RDRF flag or ORFE flag after having read TRCSR, RDRF or 
ORFE is cleared. 

(Note) Clock Source in Asynchronous Mode 

If CC1:CC0=10, the internal bit rate clock is provided at P22 
regardless of the values for TE or RE. Maximum clock rate is 
E^16. 

If both CCl and CCO are set, an external TTL compatible clock 
must be connected to P^z at sixteen times (16x ) the desired bit 
rate, but not greater than E. 



(1) 


|start| 


7Bit Data 


1 STOP 1 










(2) 


[start| 


7Bit Data 


1 2 STOP 1 










(3) 


|START 1 


7Bit Data 


1 parity! ^'^^^ 1 










(4) 


1 start| 


7Bit Data 


[parity 1 2 STOP 










(5) 


1 START 1 


8Bit Data 


1 STOP 1 










(6) 


1 start] 


8Bit Data 


1 2 STOP 










(7) 


1 START 1 


8Bit Data 


|parity| stop 



(8) I STARt| 8Bit Data [pARITy[ 2 STOP^ 

Figure 25 Asynchronous Mode Transfer Format 



• Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit is synchronized 
with the clock pulse. The HD6303Y SCI provides functionally inde- 
pendent transmitter and receiver which makes full duplex operation 
possible in the asynchronous mode. But m the clocked synchronous 
mode an SCI clock I/O pin is only P,,.^, so the simultaneous receive 
and transmit operation is not available. In this mode, TE and RE 
should not be in set condition ("1") simultaneously. Fig 26 gives a 
synchronous clock and a data format in the clocked synchronous 
mode 

1) Data transmit 

Data transmit is realized by setting TE bit in the TRCSRl Port 
2, bit 4 becomes an output unconditionally independent of the 
value of the corresponding DDR 

Both the RMCR and TRCSR should be set in the desirable oper- 
ating condition for data transmit. 



When an external clock input is selected and the TDRE flag is 
"0", data transmit is performed from port 2, bit 4, synchronizing 
with 8 clock pulses input from external to port 2, bit 2. 

Data is transmitted from bit and the TDRE is set when the 
Transmit Shift Register (TSR) is "empty". More than 9th clock 
pulse of external are ignored 

When data transmit is selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE flag clear. 
2) Data receive 

Data receive is enabled by setting RE bit. Port 2, bit 3 will be a 
serial input. The operating mode of data receive is decided by the 
TRCSRl and the RMCR. 

If the external clock input is selected, 8 external clock pulses and 
the synchronized receive data are input to port 2, bit 2 and bit 3 re- 
spectively. The MPU put receive data into the receive data shift reg- 
ister by this clock and set the RDRF flag at the termination of 8 bit 
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data receive. More than 9th clock pulse of external input are ig- 
nored. When RDRF is cleared, the MPU starts receiving the next 
data instantly. So, RDRF should be cleared with P^^ "High". 

When data receive is selected with the clock output, 8 syn- 
chronous clocks are output to the external by setting RE bit So re- 



ceive data should be input from external synchronously with this 
clock When the first byte data is received, the RDRF flag is set. 
After the second byte, receive operation is performed by sending 
the synchronous clock to the external after clearing the RDRF bit. 



Transmit Direction 



Synchronous 
clock 



iJTJiJT_rLrLrLrLr 



Data 



• Transmit data is produced from a falling edge of a synchronous clock to the next falling edge 

• Receive data is latched at the rising edge 



Figure 26 Clocked Synchronous Mode Format 



• Transmit/Receive Control Status Register (TRCSR1) 
($0011) 

The TRCSRl is composed of 8 bits which are all readable Bits 
to 4 are also writable. This register is initialized to $20 during reset. 
Each bit functions are as follows. 



Transmit/Receive Control Status Register 
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RDRF 


ORFE 


TDRE 


RIE 


RE 


TIE 


TE 


WU 



$0011 



BitO WU Wake-up 

In a typical multi-processor configuration, the software pro- 
tocol provides the destination address at the first byte of the 
message. In order to make uninterested MPU ignore the re- 
maining message, a wake-up function is available By this, unin- 
terested MPU can inhibit all further receive processing till the 
next message starts. 

Then wake-up function is triggered by consecutive Vs with 1 
frame length The software protocol should provide the idle time 
between messages. 

By setting this bit, the MPU stops data receive till the next 
message The receive of consecutive "1" with one frame length 
wakes up and clears this bit by hardware and then the MPU re- 
starts receive operation. However, the RE flag should be already 
set before setting this bit. In the clocked synchronous mode WU 
is not available, so this bit should not be set. 
Bit 1 TE Transmit Enable 

When this bit is set, transmit data will appear at port 2, bit 4 
after one frame preamble in asynchronous mode, while in 
clocked synchronous mode it appears immediately. This is ex- 
ecuted regardless of the value of the corresponding DDR When 
TE is cleared, the serial I/O doesn't affect port 2, bit 4 
Bit 2 TIE Transmit Interrupt Enable 

When this bit is set, an internal interrupt (IRQ3) is enabled 
when TDRE (bit 5) is set. When cleared, the interrupt is 
inhibited. 
Bit 3 RE Receive Enable 

When set, a signal is input to the receiver from port 2, bit 3 
regardless of the value of the DDR. When RE is cleared, the 
serial I/O doesn't afffect port 2, bit 3. 
Bit 4 RIE Receive Interrupt Enable 

When this bit is set, an internal interrupt (IRQ^) is enabled 
when RDRF (bit 7) or ORFE (bit 6) is set When cleared, the 
interrupt is inhibited. 



Bit 5 TDRE Transmit Data Register Empty 

TDRE IS set by hardware when the TDR is transferred to the 
Transmit Shift Register in the asynchronous mode, while in 
clocked synchronous mode when the TDSR is "empty". This 
bit IS cleared by reading the TRCSRl or TRCSR2 and writing 
new transmit data to the TDR when TDRE= 1 TDRE is set to 
"1" during reset. 
Bit 6 ORFE Overrun Framing Error 

ORFE is set by hardware when an overrun or a framing error 
IS generated (during data-receive only). An overrun error occurs 
when new receive data is ready to be transferred to the RDR 
during RDRF still being set. A framing error occurs when a stop 
bit IS ''0". But in clocked synchronous mode, this bit is not af- 
fected. This bit is cleared by reading the TRCSRl or TRCSR2, 
and the RDR, when RDRF=1 ORFE is cleared during reset. 
Bit 7 RDRF Receive Data Register Full 

RDRF IS set by hardware when data is received normally and 
transferred from the Receive Shift Register (RSR) to the RDR 
This bit IS cleared by reading TRCSRl or TRCSR2, and the 
RDR, when RDRF= 1. This bit is cleared during reset. 

• Transmit Rate/Mode Control Register (RMCR) 

The RMCR controls the following serial I/O 

• Baud Rate • Data Format 

• Clock source • Port 2, Bit 2 Function 

• Operation Mode 

All bits are readable/writable. Bit to 5 of the RMCR are cleared 
during reset. 

Transfer Rate/Mode Control Register 
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SS2 


CC2 


CC1 


ceo 


SSI 


SSO 



$0010 



Bit SSO 

Bit 1 SSI Speed Select 
Bit 5 SS2 

These bits control the baud rate used for the SCI. Table 7 lists 
the available baud rates The timer 1 FRC (SS2=0) and the timer 2 
up counter (SS2= 1) provide the internal clock to the SCI. When 
selecting the timer 2 as a baud rate clock source, it functions as a 
baud rate generator The timer 2 generates the baud rate listed m 
Table 8 depending on the value of the TCONR. 
(Note) When operating the SCI with internal clock, do not per- 
form write operation to the timer/counter which is the 
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Table 7 SCI Bit Times and Transfer Rates 



(1) Asynchronous Mode 



SS2 


SSI 


sso 


XTAL 


2.4576MHz 


4 OMHz 


4.9152MHz 


E 


614 4kHz 


1 OMHz 


1.2288MHz 











E 


-16 


26 /S/38400Baud 


16/iiS/62500Baud 


13As/76800Baud 








1 


E 


-128 


208//s/4800Baud 


128;/S/7812 5Bdud 


1 04 2 /<s/9600Baud 





1 





E 


- 1024 


1 67m5/600Baud 


1 024ms/976 6Baud 


833 3^s/1200Baud 





1 


1 


E 


- 4096 


6 67ms/1508aud 


4 096ms/244 1 Baud 


3 333ms/300Baud 


1 










♦ 




* 



* When SS2 is "1", Timer 2 provides SCI clocks The baud rate is shown as follows with the TCONR as N 



32 fN+1) 



f input clock frequency to the 
timer 2 counter 

N = - 255 



(2) Clocked Synchronous Mode* 



SS2 


SSI 


sso 


XTAL 


4 MHz 


6 MHz 


8 MHz 


12 MHz 


E 


1 MHz 


1 5 MHz 


2 MHz 


3 MHz 











E - 2 


2 fiS/M 


1 33 /tS/bit 


1 ^lS/h\^ 


667 /iS/bit 










1 


E - 16 


16 fiS/M 


10 7 nS/hW 


8 /ts/bit 


5 33 /iS/bit 







1 





E - 128 


128 ^ts/bit 


85 3 /xs/bit 


64 /iS/bit 


42 7 /iS/bit 







1 


1 


E - 512 


512 MS/bit 


341 /iS/bit 


256 /iS/bit 


171 /«s/bit 




1 



















*Bit rates in the case of internal clock operation In the case of external clock operation, the external clock is operatable up to DC - 1/2 
system clock 

♦* The bit rate is shown as follows with the TCONR as N 

1 = ^ (N+l) /f input clock frequency to the 



Bit Rate (/us/bit) = 



timer 2 counter 
N = - 255 



Table 8 Baud Rate and Time Constant Register Example 



(8;;;dr-^ 


2 4576MHz 


3 6864MHz 


4 OMHz 


4 9152MHz 
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1 10 
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32- 


35- 


43* 
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207 


255 
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63 
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31 
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1200 


15 


23 


25 


31 
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2400 


7 


1 1 


12 


15 


25 


4800 


3 


5 




7 


12 


9600 


1 


2 




3 




19200 









1 




38400 














* E/8 clock is input to the timer 2 up counter and E clock otherwise 



Table 9 SCI Format and Clock Source Control 



CC2 CGI 


ceo 


Format 


Mode 


Clock Source 


Port 2, Bit 2 








8 bit data 


Clocked Synchronous 


External 


Input 





1 


8-bit data 


Asynchronous 


Internal 


Not Used** 


1 





8-brt data 


Asynchronous 


Internal 


Output* 


1 


1 


8-bit data 


Asynchronous 


External 


Input 


1 





8-bit data 


Clocked Synchronous 


Internal 


Output 


1 


1 


7-bit data 


Asynchronous 


Internal 


Not Used** 


1 1 





7 bit data 


Asynchronous 


Interna! 


Output* 


1 1 


1 


7-bit data 


Asynchronous 


External 


Input 


* Clock outp 


jt regardless ol the 


rRCSRl,bit RT and Tl 







Port 2, Bit 3 Port 2, Bit 4 



When the TRCSRI, RE bit is "1" 
bit 3 IS used as a serial input 



When the TRCSRI. TE bit is "1" 
bit 4 IS used as a serial output 



■ Not used for the SCI 
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clock source of the SCI. 
Bit 2 ceo 

Bit 3 CC1 Clock Control/Format Select* 
Bit 4 CC2 

These bits control the data format and the clock source (refer to 
Table 9). 

* ceo, CCI and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external clock 
operation. Then the MPU automatically set port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an output 
port, the DDR of port 2 should be set to "1" and CCI and 
ceo to "0" and "1" respectively. 

Bit 6 Not Used 
Bit 7 Not Used 

• Transmit/Receive Control Status Register 2 (TRCSR2) 

The TRCSR2 is a 7-bit register which can select a data format in 
the asynchronous mode The upper 3 bits are the same address as 
the TRCSRl . Therefore, the RDRF, ORFE and TDRE can be read 
by either the TRCSRl or TRCSR2. Bits to 2 of the TRCSR2 are 
used for read/write. Bits 4 to 7 are used only for read. 

Transmit/Receive Control Status Register 2 



7 6 5 4 3 2 1 



RDRF 


ORFE 


TDRE 


PER 




PEN 


EOP 


SBL 



Bit SBL Stop Bit Length 

This bit selects the stop bit length m the asynchronous mode. 



If this bit is "0", the stop bit is 1-bit. If "1", the stop bit is 2-bit. 
This bit is cleared during reset. 
Bit 1 EOP Evan/Odd Parity 

This bit selects the parity generated and checked when the 
PEN is "1". If this bit is "0", the parity is even. If "1", it is odd. 
This bit is cleared during reset. 
Bit 2 PEN Parity Enable 

This bit decides whether the parity bit should be generated 
and checked in the asynchronous mode or not. If this bit is "0", 
the parity bit is neither generated nor checked If "1", it is gen- 
erated and checked. This bit is cleared during reset 

The 3 bits above do not affect the SCI opertion in the clocked 
synchronous mode. 
Bit 3 Not Used 
Bit 4 PER Parity Error 

This bit is set when the PEN is "1" and a parity error occurs. 
It is cleared by reading the RDR after reading the TRCSR2, 
when PER= 1 
Bit 6 TDRE 

Transmit Data Register Empty 
Bit 6 ORFE 

Overrun/Framing Error 
Bit 7 RDRF 

Receive Data Register Full 
* Each flag of the TDRE, ORFE, and RDRF can be read from 
either the TRCSRl or TRCSR2 



■ PRECAUTION 1 

In the synchronous clocked receive operation with clock-output, 
there are three cases for clock pulse timing after RDRF clear as 
shown below. 

Please consider above in designing system, since transmitting 
receiving time is not uniform. 



The clock-output of case 1 or case 2 is determined by " 1 " or "0" 
of SCI internal operation clock of RDRF clearing cycle. In addition, 
in the case of low voltage operation C^cc < 4.5 V), the clock-output 
of case I may transfer to case 3. 



RDR read cycle (RDRF clear) 



r~L_r~L__r~L 



"i__r~i r 



clock-output ' 
case 1 

case 2 



case 3 



bitO 



bitO 



bitO 



bit 1 



(note) Whenbit rate is E/2, tj = E, and tj = 2E. 

E/16, ti=8E. t2 = 16E. 

E/128, ti =64E, t2 = 128E. 

E/512, ti = 256E, t2 = 512E. 
Diagram for Precaution 1 
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■ PRECAUTION 2 

When transmitting through clock-synchronous serial communi- 
cation interface, TE bit should not be cleared with TORE of TRCSR 
($11) is "0". 

The TDRE set and clear conditions of SCI are shown as follows. 





Set condition 


Clear condition 




1. 


TDR transnfilt 


When writing to TDR 






shift register 


after TRSCR read, 






(asynchronous) 


with TDRE = 1,TDRE 


TORE 


2. 


Transmit shift 


is cleared. 




register is empty. 








(clock-synchronous) 






3. 


RES = 





If transmit data is written to TDR, and then TE bit is cleared with 
TDRE = to stop transmitting, TDRE remains "0". 

In this case, even if TE bit is set and transmit data is written again, 
the TDR data is not transmitted. 

Please note that TE bit must be cleared after the last data has been 
transmitted. 

(This caution is not applied to asynchronous serial communica- 
tion interface.) 



■ TIMER, SCI STATUS FLAG 

Table 10 shows the set and reset conditions of each status flag in 
the timer 1, timer 2 and SCI. 



Table 1 Timer 1 , Timer 2 and SCI Status Flag 







Set Condition 


Clear Condition 


P6CSR 


IS FLAG 


Falling edge input to P54 (IS) 


1 Read the P6CSR then read or write the 
P0RT6, when IS FLAG = 1 

2. RR = 


Timer 
1 


ICF 


FRC — ICR by Rising or Falling edge input to 
''20 

(Selecting with the lEDG bit) 


1 Read the TCSR 1 or TCSR2 then ICRH. 
when ICF = 1 

2 RES = 


0CF1 


OCRl = FRC 


1 Read the TCSR 1 or TCSR2 then write to 
the 0CR1H or OCRl L, when 0CF1 = 1 

2 RES = 


0CF2 


0CR2 = FRC 


1 Read the TCSR2 then write to the 0CR2H 
orOCR2L, when0CF2 = 1 

2 RES = 


TOF 


FRC = $FFFF-I- 1 cycle 


1 . Read the TCSR 1 then FRCH, when 
TOF= 1 

2. RE5= 


Timer 
2 


CMF 


T2CNT = TCONR 


1 . Write "0" to CMF, when CMF = 1 
2 MES = 


SCI 


RDRF 


Receive Shift Register — RDR 


1 . Read the TRCSR 1 or TRCSR2 then RDR, 
when RDRF = 1 

2 RES = 


ORFE 


1 Framing Error (Asynchronous Mode) 
Stop Bit = 

2 Overrun Error (Asynchronous Mode) 
Receive Shift Register — ' RDR when 
RDRF == 1 


1 Read the TRCSR 1 or TRCSR2 then RDR, when 
ORFE = 1 

2 .l!ES = 


TDRE 


1 Asynchronous Mode 

TDR — ► Transmit Shift Register 

2 Clocked Synchronous Mode 
Transmit Shift Register is "empty" 

3. I?E?= 


Read the TRCSR 1 or TRCSR2 then write to the 
TDR, when TDRE = 1 


PER 


Parity when PEN= 1 


1 . Read the TRCSR2 then RDR, when PER= 1 

2. WES=0 



(Note) , Transfer = , equal ICRH, Upper byte of ICR OCRl L, Lower byte of OCRl 

OCRl H, Upper byte of OCRl 0CR2L; Lower byte of 0CR2 

0CR2H. Upper byte of 0CR2 FRCH, Upper byte of FRC 
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■ LOW POWER DISSIPATION MODE 

The HD6303Y provides two low power dissipation modes; sleep 
and standby. 

• Sleep Mode 

The MPU goes to the sleep mode by SLP instruction execution. 
In the sleep mode, the CPU stops its operation, while the registers' 
contents are retained. In this mode, the peripherals except the CPU 
such as timers, SCI, etc. continue their functions. The power dis- 
sipation of sleep-condition is one fourth that of operating co nditi on. 

The MPU returns from this mode by an interrupt, RES or 

STBY; it goes to the reset state by RES and the standby mode by 
STBY. When the CPU acknowledges an mterrupt request, it cancels 
the sleep mode, returns to the operation mode and branches to the 
interrupt routine. When the CPU masks this interrupt, it cancels 
the sleep mode and executes the next instruction. However, for ex- 
ample, if the timer 1 or 2 prohibits a timer interrupt, the CPU 
doesn't cancel the sleep mode because of no mterrupt request. 



This sleep mode is effective to reduce the power dissipation for a 
system with no need of the HD6303Y's consecutive operation. 

Standby Mode 

The MPU goes to the standby mode with the "STBY "Low" or 
by clearing the STBY Hag. In this mode, the HD6303Y stops all the 
clocks and goes to the reset state. In this mode, the power dissipa- 
tion is reduced to several fiA. During stand by, all pins, except the 
power supply (V^c, Vgs), the STBY, RES and XTAL (which out- 
puts "0"), go to the high impedance state In this mode, power 
(^cc^ is supplied to the HD6303Y, and the contents of RAM is re- 
tained. The MPU returns from this mode during reset. When the 
MPU goes to the standby mode with STBY "Low", it will restart at 
the timing shown in Fig. 27(a). When the MPU goes to the standby 
mod e by clearing the STBY flag, it will restart only by keeping the 
RES "Low" for longer than the oscillating stabilization time. (Fig. 
27(b)) 




I 



r 



Standby Mode o osc,«..or, 

O Save Registers Start 
O RAM/Port 5 Control Register Set Time 



Restart 



5TBy 



(a) Standby Mode by STBY 



Standby Mode 



OSTBY FLAG 
Clear 




Restart 



(b) Standby Mode by the STBY Flag 



Figure 27 Standby Mode Timing 
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■ TRAP FUNCTION 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruction 
from non-memory space. The TRAP prevents the system-burst 
caused by noise or a program error. 

• Op Code Error 

When fetching an undefined op code, the CPU saves registers as 
well as a normal interrupt and branches to the TRAP ($FFEE, 
$FFEF). This has the priority next to reset. 

• Address Error 

When an instruction fetch is made from the address of internal 
register, the MPU generaters an interrupt as well as an op code 
error. But on the system with no memory in its external memory 
area, this function is not applicable if an instruction fetch is made 
from the external non-memory area. Addresses where an address 
error occurs are from $0000 to $0027. 

This function is available only for an instruction fetch and is not 
applicable to the access of normal data read/write. 
(Note) The TRAP interrupt provides a retry function differently 
from other interrupts This is a program flow return to the 
address where the TRAP occurs when a sequence returns 
to a main routine from the TRAP interrupt routine by 
RTI. The retry can prevent the system burst caused by 
noise, etc. 

However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is neces- 
sary in programming. 

■ INSTRUCTION SET 

The HD6303Y provides object code upward compatible with the 
HD6801 to utilize all instruction set of the HMCS6800. It also re- 
duces the execution times of key instructions for throughput im- 
provement. 

Bit manipulation instruction, change instruction of the index 
register and accumulator and sleep instruction are also added 
The followings are explained here. 

• CPU Programming Model (refer to Fig. 28) 

• Addressing Mode 

• Accumulator and Memory Manipulation Instruction (refer to 
Table 11) 

• New Instruction 

• Index Register and Stack Manipulation Instruction (refer to 
Table 12) 

• Jump and Branch Instruction (refer to Table 13) 

• Condition Code Register Manipulation (refer to Table 14) 

• Op Code Map (refer to Table 15) 

• Programming Model 

Fig 28 depicts the HD6303Y programming model The double 
accumulator D consists of accumulator A and B, so when using the 
accumulator D, the contents of A and B are destroyed. 

e CPU Addressing Mode 

The HD6303Y provides 7 addressing modes. The addressing 
mode is determined by an instruction type and code. Tables 1 1 
through 15 show addressing modes of each instruction with the ex- 
ecution times counted by the machine cycle 

When the clock frequency is 4MHz, the machine cycle time be- 
comes microseconds directly 
Accumulator (ACCX) Addressing 

Only an accumulator is addressed and the accumulator A or B is 
selected. This is a one-byte instruction, 
immediate Addressing 

This addressing locates a data in the second byte of an instruc- 
tion. However, LDS and LDX locate a data in the second and third 
byte exceptionally. This addressing is a 2 or 3-byte instruction. 
Direct Addressing 

In this addressing mode, the second byte of an instruction shows 



TUT. 



8 tit AccumulttO'i A and B 

Or 16 Bm Ooubt* Accumulator 



Oj SlKk PointM (Sri 



0| frofrain Counltr ifC) 



Condiiior> OoO* Rtgutcr ICCRI 



ilf Cwry (FromBil 31 



Figure 28 CPU Programming Model 

the address where a data is stored. 256 bytes ($0 through $255) can 
be addressed directly. Execution times can be reduced by storing 
data in this area so it is recommended to make it RAM for users' 
data area in configurating a system. This is a 2-byte instruction, 
while 3 byte with regard to AIM, OIM, EIM and TIM. 
Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the data 
stored address and the third byte the lower 8 bit. This indicates the 
absolute address of 3 byte instruction in the memory. 
Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the in- 
dex register are added in this mode As for AIM, OIM, EIM and 
TIM, the third byte of an instruction and the lower 8 bits of the in- 
dex register are added. 

This carry is added to the upper 8 bit of the index register and 
the result is used for addressing the memory. The modified address 
is retained in the temporary address register, so the contents of the 
index register doesn't change. This is a 2-byte instruction except 
AIM, OIM, EIM and TIM (3-byte instruction) 
Implied Addressing 

An instruction itself specifies the address This is, the instruction 
addresses a stack pointer, index register, etc. This is a one-byte in- 
struction. 

Relative Addressing 

The second byte of an instruction and the lower 8 bits of the pro- 
gram counter are added. The carry or borrow is added to the upper 
8 bit. So addressing from — 126 to -f 129 byte of the current instruc- 
tion is enabled. This is a 2-byte instruction 
(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with CLI and 
SEI instructions, more than 2 cycles are necessary be- 
tween the CLI and SEI instructions. For example, the fol- 
lowing program (a)(b) don't accept the IRQ but (c) ac- 
cepts it 



CLI 
SEI 



(a) 



CLI 
NOP 
SEI 



(b) 



CLI 
NOP 
NOP 
SEI 



(c) 



The same thing can be said to the TAP instruction instead 
of the CLI and SEI instructions 
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Table 1 1 Accumulator, Memory Manipulation Instructions 



Oparationt 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithmetic Operation 


Condition Codk 
Register 


IMMED 


DIRECT 


INDEX 


EXTEN 





IMPLIED 


5 


4 


3 


2 


1 





OP 




# 


OP 






OP 




* 


OP 




* 


OP 




* 


H 


1 


N 


Z 


V 


c 


Add 


ADDA 


8B 


2 


2 


98 


3 


2 


AB 


4 


2 


88 


4 


3 








A ♦ M- A 


: 




t 


t 




t 


ADDB 


CB 


2 


2 


08 


3 


2 


EB 


4 


2 


FB 


4 


3 








8 ♦ M- 8 


t 




X 


t 




X 


Add Ooubit 


ADOD 


C3 


3 


3 


03 


4 


2 


E3 


5 


2 


f3 


5 


3 








A B + M M + 1-*A 8 


• 




I 


t 




X 


Add Accumulatort 


ABA 


























18 


1 


1 


A ♦ 8 - A 


t 




t 


t 




X 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


89 


4 


3 








A ♦ M ♦ C- A 


t 






t 




X 


ADCB 


C9 


2 


2 


09 


3 


2 


E9 


4 


2 


F9 


4 


3 








8 + M ♦ C-' 8 


1 




t 






X 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


84 


4 


3 








A-M -> A 






t 


t 


R 


• 


ANDB 


C4 


2 


2 


04 


3 


2 


E4 


4 


2 


F4 


4 


3 








BM - 8 






t 


t 


R 


• 


Bit Test 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


85 


4 


3 








A-M 






t 


: 


R 


• 


BIT B 


C5 


2 


2 


05 


3 


2 


E5 


4 


2 


F5 


4 


3 








BM 






t 


t 


R 


• 


Cttar 


CLR 
























3 








00 - M 






R 


s 


R 


R 


CLRA 


























4F 


1 


1 


00 - A 












R 


CLRB 


























5F 


1 


1 


00 - B 






R 


s 


R 


R 


Compare 


CMP A 


81 


2 


2 


91 


3 


2 


A1 


4 


2 


B1 


4 


3 








A-M 


• 






J 


X 


t 


CMPB 


CI 


*2 


2 


01 


3 


2 


El 


4 


2 


F1 


4 


3 








8 - M 


• 






t 


X 


1 


Accumulators 


CBA 


























11 


1 


1 


A - B 


• 




t 


1 


X 


t 


Compltment, I'l 


COM 














63 


6 


2 


73 


6 


3 








M - M 






,■ 


t 


R 


s 


COMA 


























43 


1 


1 


A - A 








t 


R 


s 


COMB 


























53 


1 


1 


8 -8 






, 


I 


R 


s 


Complem«r>t, 2't 
(Nasat*) 


NEC 














60 


6 


2 


70 


6 


3 








00 - M - M 


• 




T 


1 


(i) 


T 


NEGA 


























40 


1 




00 - A - A 








1 


T 


'? 


NEGB 


























50 


1 




00-8-8 








t 


(!) 


3 


Oacimal Ad|utt. A 


DAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 












J) 


Oacramartt 


DEC 














6A 


6 


2 


7A 


6 


3 








M - 1 - M 






T 


t 




a 


DECA 


























4A 


1 


1 


A - 1 - A 


• 




t 


t 




• 


DECB 


























5A 


1 


1 


8-1-8 


• 




1 


t 




• 


EkcIusiv* or 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


88 


4 


3 








A @ M - A 


• 




t 


X 


R 


• 


EORB 


C8 


2 


2 


08 


3 


2 


E8 


4 


2 


F8 


4 


3 








8 ® M- B 


• 




t 


X 


R 


• 


Ir^cramtnt 


INC 














6C 


6 


2 


7C 


6 


3 








M ♦ 1 -M 


• 




t 


X 


S) 


• 


INCA 


























4C 


1 


1 


A 4 1 - A 


• 




1 


X 


(T 


• 


INCB 


























5C 


1 




B ♦ 1 - 8 






1 


X 




• 


LOMl 

Accumulator 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


86 


4 


3 








M - A 






, 


X 


R 


• 


LDAB 


C6 


2 


2 


06 


3 


2 


E6 


4 


2 


F6 


4 


3 








M - 8 


• 






X 


R 


• 


Load Double 
Accumulator 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M - A 


* 










* 


Multiply Unsigned 


MUL 


























30 


7 




A X B - A 8 


• 






• 


• 


® 


OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A ♦M- A 


• 






X 


R 


• 


ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








8 ^-M- 8 








X 


R 


• 


Push Data 


PSHA 


























36 


4 




A - Msp, SP - 1 - SP 








• 


• 


• 


PSHB 


























37 


4 


1 


8 - Msp, SP - 1 - SP 








• 


• 


• 


Pull Data 


PULA 


























32 


3 


1 


SP ♦ 1 - SP, Msp - A 








• 


• 


• 


PULB 


























33 


3 


1 


SP > 1 - SP, Msp - 8 








• 


• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 
















X 




X 


ROLA 


























49 


1 




A j ^-W 1 1 1 1 1 M>1 

B ' C b7 bo 








X 




X 


ROLB 


























59 


1 


1 








X 




X 


Rotate Riflht 


ROR 














66 


6 


2 


76 


6 


3 
















X 




X 


RORA 


























46 


1 


1 


1 1 1 1 ] 1 1 
^ ) C bJ bO 








X 




X 


RORB 


























56 


1 


1 








X 




X 



(Note) Condition Code Register will be explained m Note of Table 1 4 (continued) 
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Table 1 1 Accumulator, Memory Manipulation Instructions 



Operations 


Mnemonic 


IMMEO 


DIRECT 


INOEX 


EXTEND 


IMPLIED 


Arithmetic Operation 


5 


4 


3 


2 


1 

V 




C 


OP 






OP 




# 


OP 




# 


OP 




# 


OP 




# 


H 




N 


Arithmetic 


ASL 














68 


6 


2 


78 


6 


3 








J C 67 bO 










vs/ 


T~ 


ASLA 














48 


1 
1 


1 










1 - 


























t 


(D 


t 


Ooubl* Shift 
L«ft, Arithrmtic 


ASLD 


























05 


rm ACC A/ ACC B k-0 
C A7 AO 87 BO 










® 


t 


Shift Right 
Arithmetic 


ASR 












67 


6 


2 


77 


6 


3 














(D 
<D 


I 

V~ 
t 


ASRA 


























47 


1 


1 
1 

1 


a| ffi 1 1 1 1 ii>a 


ASR 8 
























57 


1 








Shift Riflht 


LSR 










64 


6 


2 


74 


6 


3 




• 




R 




LSRA 


















44 


1 


Ajo>U.Ullil>9 


R 

¥ 

R 

r 






t 
1 


LSRB 


























54 


1 
1 


1 
1 




CD 


Ooubte Shift 
Right Logical 


LSRD 












2 


A7 


4 


2 


B 7 


4 


3 


04 


0-^1 ACC A/ ACC 8 }-♦( 1 
A7 AO 87 BO C 


r 


(6) 

R 


} 
• 


Store 

Accumuletor 


STAA 


- - 






97 
07 


3 
3 


A - M 


STAB 


2 


E7 
EO 
AO 


4 
5 
4 


2 


F7 


4 


3 






1 

1 
1 

1 


8 « M 

a' V M 
B - M + 1 
A - M A 






R 


• 


Store Ooubte 
Accumulator 


STD 




DO 


4 

3 


2 
2 


2 
2 


FD 
80 


5 
4 


3 
3 








• 


Subtract 


SUBA 


80 


2 


2 


90 






t 




.L- 
1 


SUBB 


CO 


2 


2 


00 


3 


2 


EO 


4 


2 


FO 


4 


3 


8 -M -B 






j_ 
t 




1. 


Double Subtract 


SUBD 


83 


3 


3 


93 


4 


2 


A3 


5 


2 


83 


5 


3 




A 8-M M + 1->A 8 

A - 8 - A 

A - M - C- A 


Subtract 

Subtract 
With Carry 


SBA 
SBCA 
















3" 


10 


1 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


82 


4 




, 




SBCB 


C2 


2 


2 


02 


3 


2 


E2 


4 


2 


F2 


4 


3 




1 


8 - M - C- 8 














Tranifer 

Accumulators 


TAB 


























16 


A - 8 
8 - A 










R 


• 


T8A 


























17 


1 








R 


• 


Te«t Zero or 

Minus 


TST 














60 


4 


2 


70 


4 


3 




1 


M - 00 










R 


R 

R^ 


TSTA 


























40 


A -00 










R 


TSTB 


























50 


1 


1 


8-00 










R 


R 


And Imnrtediate 


AIM 








71 


6 


3 


61 


7 


3 














M IMM -M 










R 


• 


OR Imn^ediate 


OIM 








72 


6 


3 


62 


7 


3 














M-t-IMM ^M 










R 


• 


EOR Immediate 


EIM 








75 


6 


3 


65 


7 


3 














M'?)IMM -M 










R 


• 


Test Immediate 


TIM 








7B 


4 


3 


6B 


5 


3 














M IMM 








I 


R 


• 



(Note) Condition Code Register will be explained in Note of Table 14. 
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• Additional Instruction 

In addition to the HD6801 instruction set, the HD6303Y pre- 
pares the following new instructions 

AIM (M)-(IMM) - (M) 

Executes "AND" operation to immediate data and the 
memory contents and stores its result in the memory 

OlM (M)+(IMM) - (M) 

Executes "OR" operation to immediate data and the memo- 
ry contents and stores its result in the memory. 

EIM (M) ® (IMM) (M) 

Executes "EOR" operation to immediate data and the 
memory contents and stores its result in the memory 



TIM (M)-(IMM) 

Executes "AND" operation to immediate data and changes 
the relative flag of the condition code register. 

These are the 3-byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 

XGDX (ACCD)--(IX) 

Exchanges the contents of accumulator and the index regis- 
ter. 

SLP 

Goes to the sleep mode. Refer to "LOW POWER DISSIPA- 
TION MODE" for more details of the sleep mode. 



Table 1 2 Index Register, Stack Manipulation Instructions 







Addressing Modes 


Boolean/ 


Condition Code 
Register 


Pointer Operations 


Mnemonic 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


Arithmetic Operation 


5 


4 


3 


2 


1 









OP 




# 


OP 




# 


OP 






OP 




# 


OP 




# 




H 


1 


N 


Z 


V 


C 


Compare Index Reg 


CPX 


8C 


3 


3 


9C 


4 


2 


AC 


5 


2 


BC 


5 


3 








X-M M + 1 








t 


t 


% 


Decrement Index Reg 


DEX 


























09 


1 


1 


X - 1 - X 






• 


1 


• 




Decrement Slack Pntr 


DES 


























34 


1 


1 


SP - 1 - SP 














Increment Index Reg 


INX 


























08 


1 


1 


X ♦ 1 - X 






• 


t 


• 




Increment Stack Pntr 


INS 


























31 


1 


1 


SP ♦ 1 - SP 














Load Index Reg 


LDX 


CE 


3 


3 


DE 


4 


2 


EE 


5 


2 


FE 


5 


3 








M- Xm, (M* 1) Xl 








\ 


R 




Load Stack Pntr 


LDS 


BE 


3 


3 


9E 


4 


2 


AE 


5 


2 


BE 


5 


3 








M- SPm. IM + 11-SPt. 






Z 


% 


R 




Store Index Reg 


STX 








DF 


4 


2 


EF 


5 


2 


FF 


5 


3 








Xh M. Xl - (M + 1) 






% 


% 


R 




Store Stack Pntr 


STS 








9F 


4 


2 


AF 


5 


2 


BF 


5 


3 








SPh - M. SPl (M* 1) 






7 


x 


R 




Index Reg — Stack Pntr 


TXS 


























35 


1 


1 


X - 1 - SP 














Stack Pntr — Index Reg 


TSX 


























30 


1 


1 


SP ♦ 1 - X 














Add 


ABX 


























3A 


1 


1 


8 ♦ X - X 














Push Data 


PSHX 


























3C 


5 


1 


Xm ^ ^^ip. SP - 1 - SP 














Pull Data 


PULX 


























38 


4 


1 


SP ♦ 1 - SP, M^ -* Xh 
SP ♦ 1 -« SP.M^- Xl 






• 


• 


• 




Exchange 


XGDX 


























18 


2 


1 


ACCD-.IX 















(Note) Condition Code Register will be explained m Note of Table 14. 
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Table 1 3 Jump, Branch Instruction 



Operations 



Addressing Modes 



EXTEND IMPLIED 



OP ~ » OP - « 



Condition Codt 



Branch Always 



Branch If Carry Claar 



Branch If Carry Sat 



Branch If » Zaro 



Branch If > Zero 



N ® V « 



Branch If > Ztro 



Z*(N® V)-0 



Branch If Miflhar 



C* Z -0 



Branch If < Zero 



Z ♦ (N ® V) - 1 



Branch If Lowar Or 
Sanrta 



C4Z - 1 



Branch If < Zaro 



N ® V - 1 



Branch If Minus 



Branch If Not Equal 
Zaro 



Branch If Overflow 
Clear 



Branch If Ovarflow Sat 



Branch If Plus 



Branch To Subroutine 



Jump To Subroutine 



Advances Prog Cntr 
Only 



Return From Interrupt 



Return From 
Subroutine 



Software Interrupt 



Wait for Interrupt* 



Steap 



(Nott) • WAI puts R/W hiflh; Address Bus goes to FFFF; Data Bus goes to the three s 
Condition Code Register will be explained m Note of Table 14 
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Table 1 4 Condition Code Register Manipulation Instructions 



Opcrationt 


Mnamonc 


AddrattmgModat 


Boolean Operation 


Condition Code Register 


IMPLIED 


5 


4 


3 




1 





OP 




« 


H 


1 


N 




V 


c 


Ctoar Carry 


CLC 


OC 


1 




0-»C 












R 


Clt»r Inttrrupt Mask 


CLI 


OE 


1 




1 


• 


R 






• 


• 


CiMr Owrf low 


CLV 


OA 


1 




- V 


• 


• 






R 


• 


Stt Carry 


SEC 


00 


1 




1 C 












S 


Sat Intarrupt Mask 


SEI 


OF 


1 




1 - 1 


• 


S 






• 


• 


Sat OwarfloM 


SEV 


OB 


1 




1 - V 


• 


• 






S 


• 


Accumulator A -* CCR 


TAP 


06 


1 




A- CCR 






CCR — Accumulator A 


TPA 


07 


1 




CCR - A 





CONDITION CODE SYMBOLS 

H Half -carry frorr^ bit 3 to bit 4 

I Interrupt mask 

N Negative (sign bit) 

Z Zero (byte) 

V Overflow, 2's complement 

C Carry /Borrow from /to bit 7 

R Reset Always 

S Set Always 

X Set if true after test or clear 

• Not Affected 



LEGEND 

OP Operation Code (Hexadecimal) 
~ Numt)er of MCU Cycles 
Msp Contents of memory location pointed by Stack Pointer 

# Number of Program Bytes 
+ Arithmetic Plus 

Arithmetic Minus 

• Boolean AND 
Boolean Inclusive OR 

® Boolean Exclusive OR 
M Complement of M 

Transfer into 
Bit = Zero 
00 Byte = Zero 

(Note) Condition Code Register Notes. (Bit set if test is true and cleared otherwise) 
Test: Result = 10000000' 
Test. Result ^ 00000000' 

Test: BCD Character of high-order byte greater than 10' (Not cleared if previously set) 
Test: Operand = 10000000 prior to execution' 
Test. Operand = 01 1 1 1 1 1 1 prior to execution' 
Test. Set equal to N® C = 1 after the execution of instructions 
Test Result less than zero' (Bit 15=1) 
Load Condition Code Register from Stack 

Set when interrupt occurs If previously set, a Non-Maskable Interrupt is required to exit the wait state 
Set according to the contents of Accumulator A 
Result of Multiplication Bit 7=1' (ACCB) 





(Bit V) 


(2) 


(Bit C) 


(D 


(Bit C) 


® 


(Bit V) 


(5) 


(Bit V) 


C6) 


(Bit V) 


(7) 


(Bit N) 


® 


(All Bit) 




(Bit 1) 




(All Bit) 


(11) 


(Bit C) 



Table 1 5 OP-Code Map 



OP 
CODE 




ACC 
A 


ACC 
8 


IND 


EXT/ 

//dir' 


ACCA or SP 


ACCB or X 




IMM 


DIR 


IND 


EXT 


IMM 


DIR 


IND 


EXT 


''V HI 
LOX^ 


0000 


0001 


0010 


0011 


0100 


0101 


ono 


oni 


1000 


1001 


toto 


1011 


1100 


not 


nio 


nn 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 





E 


F 


0000 







SBA 


BRA 


TSX 


NEC 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 




AIM 


CMP 


1 


0010 


2 






BHI 


PULA 




01 M 


SBC 




0011 


3 






BLS 


PULB 


COM 


SUBO 1 ADDD 




0100 


4 


LSRD 




BCC 


DES 


LSR 


AND 




0101 


5 


ASLD 




BCS 


TXS 


"1 EIM 


BIT 




0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 


LDA 




0111 


7 


TPA 


TBA 


BEG 


PSHB 


ASR 


^\ STA STA 




1000 


s 


INX 


XGOX 


BVC 


PULX 


ASL 


EOR 




1001 


9 


OEX 


OAA 


BVS 


RTS 


ROL 


ADC 




1010 


A 


CLV 


SLP 


BPL 


ABX 


DEC 


ora 




ton 


B 


SEV 


ABA 


BMI 


RTI 




ADO 


8 


1100 


c 


CLC 




BGE 


PSHX 


INC 


CPX 


LDD 


C 


1101 





SEC 




BLT 


MUL 


TST 


BSR 


L 


JSR 







1110 


E 


CLI 




BGT 


WAI 


^^"-^'^X^,^^ JMP 




3S 


LDX 


c 


1111 


F 


SEI 




BLE 


SWI 


CLR 




STS 




STX 


F 







1 


2 


3 


♦ i M » i ' 


8 


9 i A 1 B 


C 


1 E 1 r 





UNDEFINED OP CODE 
* Only each instructions of AIM, OIM, EIM. TIM 
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■ CPU OPERATION 
• CPU Instruction Flow 

When operating, the CPU fetches an instrution from a me mory 
and executes the required function. This sequence starts with RES 
cancel and repeats itself limitlessly if not affected by a special in- 
struction or a control signal. SWI, RTI, WAI a nd SLP instruct ions 
change this operation, while NMI, IRQ,, IRQg, IRQ3, HALT and 
STBY control it. Fig. 29 gives the CPU mode transition and Fig. 30 
the CPU system flow chart. Table 16 shows CPU operating states 



and port states. 

• Operation at Each Instruction Cycle 

Table 17 shows the operation at each instruction cycle. By the 
pipeline control of the HD6303Y, MULT, PUL, DAA and XGDX 
instructions, etc. prefetch the next instruction. So attention is nec- 
essary to the counting of the instruction cycles because it is different 
from the usual one — from op code fetch to the next instruction op 
code. 




Figure 29 CPU Operation Mode Transition 
Table 1 6 CPU Operation State and Port, Bus, Control Signal State 



Port 


Reset 


STBY'3 


HALT 


Sleep 


Aq ~A7 


H 


T 


T 


H 


Port 2 


T 


T 


Keep 


Keep 


Do-D^ 


T 


T 


T 


T 




H 


T 


T 


H 


Ports 


T 


T 


Keep 


Keep 


Porte 


T 


T 


Keep 


Keep 


Control Signal 




T 


•2 





•1 ?ID,\Am.RA^',LM= H,BA= L 
•2 W.Wn. R/W = LOR; BA = H 
•3 E pin goes to high impedance state 
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Table 1 7 Cycle-by-Cycle Operation 



Address Mode & 
Instructions 


Cycles 


Cycle 

tt 


Address Bus 


R/W 


RD 


WR 


LIR 


Data Bus 


IMMEDIATE 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


2 


1 
2 


Op Code Address +1 
Op Code Address -1-2 


1 
1 






1 
1 


1 




Operand Data 
Next Op Code 


ADDD CPX 
LDD LDS 
LDX SUBD 


3 


1 
2 
3 


Op Code Address -t- 1 
Op Code Address -f- 2 
Op Code Address -♦-3 


1 
1 
1 







1 
1 
1 


1 
1 




Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


DIRECT 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 


3 


1 
2 
3 


Op Code Address 1 
Address of Operand 
Op Code Address + 2 


1 
1 
1 







1 
1 
1 


1 
1 




Address of Operand (LSB) 
Operand Data 
Next Op Code 


STA 


3 


1 
2 
3 


Op Code Address -f- 1 
Destination Address 
Op Code Address -f- 2 


1 


1 



1 




1 



1 


1 
1 




Destination Address 
Accumulator Data 
Next Op Code 


ADDD CPX 
LDD LDS 
LDX SUBD 


4 


1 
2 
3 
4 


Op Code Address + 1 
Address of Operand 
Address of Operand -f- 1 
Op Code Address -1-2 


1 
1 
I 
1 








1 
1 
1 
1 


1 

1 
1 




Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


4 


1 
2 
3 
4 


Op Code Address 4^ 1 
Destination Address 
Destination Address -f 1 
Op Code Address -1-2 


1 




1 




1 
1 




1 




1 


1 
1 
1 




Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address -1- 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Jump Address 


1 
1 




1 




1 
1 
1 




1 
1 




1 


1 
1 
1 
1 




Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


TIM 


4 


1 
2 
3 
4 


Op Code Address -f- 1 
Op Code Address -1-2 
Address of Operand 
Op Code Address -1-3 


1 
1 
1 
1 








1 
1 
1 
1 


1 

1 
1 




Immediate Data 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


AIM EIM 
OIM 


6 


1 
2 
3 
4 
5 
6 


Op Code Address -I- 1 
Op Code Address -I- 2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address -1-3 


1 
1 
1 
1 



1 






1 
1 




1 
1 
1 
1 



1 


1 

1 
1 
1 
1 




Immediate Data 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 



(Continued) 
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Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 


•rd 




LIR 


Data Bus 


INDEXED 


JMP 


3 


1 
2 
3 


Op Code Address-!- 1 
FFFF 

Jump Address 






1 






1 
1 




Offset 

Restart Address (LSB) 
First Op Code of Jump Routine 


ADC ADD 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
TST 


4 


1 
2 
3 
4 


Op Code Add r ess +1 
FFFF 

IX -1- Offset 

Op Code Address + 2 


1 




1 





; 


1 
1 
1 



— 


Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address +1 
FFFF 

IX + Offset 

Op Code Address +2 






1 
1 




1 




Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

IX + Offset 

IX + Off set +1 

Op Code Address + 2 






1 






i 


; 


Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

IX + Offset 

IX + Offset +1 

Op Code Address + 2 






1 
1 
1 






] 


Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address-*- 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
IX-l- Offset 


I 




1 
1 
1 




I 


i 


Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address + 1 
FFFF 

IX Offset 
FFFF 

IX + Offset 

OP Code Address + 2 






1 



1 
1 






i 


Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


TIM 


5 


1 
2 
3 
4 
5 


Op Code Address-*- 1 
Op Code Address 2 
FFFF 

IX -J- Offset 

Op Code Address -t- 3 


\ 





1 





i 




Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 
Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address -f- 1 
FFFF 

IX-h Offset 
IX-*- Offset 

Op Code Address -1-2 






1 



1 








Offset 

Restart Address (LSB) 

Operand Data 

00 

Next Op Code 


AIM EIM 
OIM 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address 1 
Op Code Address -1-2 
FFFF 

IX Offset 
FFFF 

IX-*- Offset 

Op Code Address-*- 3 




1 





1 



1 
1 






1 





Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 
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Address Mode & 
Instructions 


Cycles 


Cycle 
# 


Address Bus 


R/W 


RD 


WR 


LIR 


Data Bus 


EXTEND 


JMP 


3 


1 
2 
3 


Op Code Address 1 
Op Code Address + 2 
Jump Address 











rf 


Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 


ADC ADD TST 
AND BIT 
CMP EGR 
LDA ORA 
SBC SUB 


4 


1 
2 
3 
4 


Op Code Address -f 1 
Op Code Address + 2 
Address of Operand 
Op Code Address 4 3 










i 




Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


STA 


4 


1 
2 
3 
4 


Op Code Address + 1 
Op Code Address + 2 
Destination Address 
Op Code Address + 3 


1 




1 








Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 


ADDD 

CPX LDD 
LDS LDX 
SUBD 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand -f- 1 
Op Code Address + 3 


i 









i 


J 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 


STD STS 
STX 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
Op Code Address + 2 
Destination Address 
Destination Address +1 
Op Code Address + 3 







1 
1 






I 


Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 1 
Op Code Address + 2 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Jump Address 


I 





1 
1 
1 




I 


] 


Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address -1-3 








1 
1 








Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 


CLR 


5 


1 
2 
3 
4 
5 


Op Code Address 1 
Op Code Address -1-2 
Address of Operand 
Address of Operand 
Op Code Address 3 




1 






1 






1 





Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
00 

Next Op Code 



(Continued) 
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Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 


RD 


WR 


LIR 


Data Bus 


IMPLIED 


ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 


1 


1 


Op Code Address + 1 


1 

-T-j 





1 





Next Op Code 


DAA XGDX 


2 


1 
2 


Op Code Address + 1 
FFFF 





1 


J 



1 


Next Op Code 
Restart Address (LSB) 


PULA PULB 


3 


1 
2 
3 


Op Code Address + 1 
FFFF 

Stack Pointer + 1 


1 



1 




] 





Next Op Code 
Restart Address (LSB) 
Data fron^ Stack 


PSHA PSHB 




1 
2 
3 
4 


Op Code Address +1 
FFFF 

Stack Pointer 

Op Code Address +1 






1 
1 




] 




Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 


PULX 


4 


1 
2 
3 
4 


Op Code Address +1 
FFFF 

Stack Pointer -♦- 1 
Stack Pointer + 2 


1 




1 







? 


Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


PSHX 


5 


1 
2 
3 
4 
5 


Op Code Address -t- 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Op Code Address + 1 


\ 




1 
1 
1 




] 




Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 


RTS 


5 


1 
2 
3 
4 
5 


Op Code Address + 1 
FFFF 

Stack Pointer + 1 
Stack Pointer + 2 
Return Address 






1 










Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


MUL 


7 


1 
2 
3 
4 
5 
6 
7 


Op Code Address +1 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 











Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 



(Continued) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1 67 



HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 



Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 


w 


WR 


lTr 


Data Bus 


IMPLIED 


WAI 


9 


1 

2 
3 
4 
5 
6 
7 
8 
9 


Op Code Address +1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Stack Pointer -2 
Stack Pointer -3 
Stack Pointer -4 
Stack Pointer — 5 
Stack Pointer -6 


1 
1 













1 

1 










] 


Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 


RTI 


10 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 


Op Code Address + 1 
FFFF 

Stack Pointer + 1 
Stack Pointer -1-2 
Stack Pointer + 3 
Stack Pointer -f- 4 
Stack Pointer -1-5 
Stack Pointer -1-6 
Stack Pointer -♦-7 
Return Address 






1 













; 


Next Op Code 
Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 
Index Register (MSB) 
Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 


SWI 


12 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Stack Pointer -2 
Stack Pointer -3 
Stack Pointer -4 
Stack Pointer -5 
Stack Pointer -6 
Vector Address FFFA 
Vector Address FFFB 
Address of SWI Routine 













; 















\ 


Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Address of SWI Routine (MSB) 
Address of SWI Routine (LSB) 
First Op Code of SWI Routine 


SLP 


4 


1 
2 

SleLp 

1 

3 
4 


Op Code Address^ 1 
FFFF 

FFFF 

Op Code Address + 1 


1 
1 




1 

1 




1 
1 


1 

1 




Next Op Code 
Restart Address (LSB) 

Restart Address (LSB) 
Next Op Code 


RELATIVE 


BCC BCS 
BEQ BGE 
BGT BHI 
BLE BLS 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 


3 


1 
2 

3 


Op Code Address + 1 
FFFF 

1 Branch Address Test= "1 
1 Op Code Address + 1 Test = 


1 
1 

1 




1 




1 
1 

1 


1 
1 




Branch Offset 
Restart Address (LSB) 
First Op Code of Branch Routine 
Next Op Code 


BSR 


5 


1 
2 
3 
4 

5 


Op Code Address + 1 
FFFF 

Stack Pointer 
Stack Pointer - 1 
Branch Address 


1 

i 

1 




1 
1 
1 




1 
1 




1 


1 
1 
1 
1 




Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Op Code of Subroutine 



HITACHI 

1 68 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 



■ WARNING CONCERNING THE BOARD DESIGN OF 
OSCILLATION CIRCUIT 

When designing a board, note that crosstalk may disturb the 
normal oscillation if signal lines are placed near the oscillation 
circuit as shown in Figure 31 . Place the crystal and Cl as close 
to the HD6303Y as possible. 



Cl 



XTAL 
EXTAL 



Do not use this kind of prmted-circuit board design. 

Figure 31 Warning concerning board design 
of oscillation circuit 



!«• — 20mm max — »j 




Avoid signal lir 
in this area 



(Top View) 

Figure 32 Exannple of Oscillation Circuits m Board Design 

■ RECEIVE MARGIN OF THE SCI 

Receive margm of the SCI contamed m the HD6303Y is 
shown in Table 1 8 

Note: SCI = Serial Communication lrrt«riace 



Table 18 





Bit distortion 


Character 




tolerance 


distortion tolerance 




(t-to) /to 


(T-To) /To 


HD6303Y 


±43.7% 


±4.37% 



START 1 2 3 4 5 6 7 8 STOP 



Ideal Waveform 



1 \ — L 



Bit length |-»- to —*j 
Character length Tq - 



Real Waveform 
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■ WARNING CONCERNING WAI INSTRUCTION 

If the HALT signal is accepted by the MCU while the WAI in- 
struction is executing, the CPU will not operate correctly after 
HALT mode is canceled. 

WAI is a instruction which waits for an interrupt. The cor- 
responding interrupt routine is executed after an interrupt 
occurs. 

How ever, during the execution of the WAI instruction, 
HALT input makes the CPU malfunction and fetch an abnormal 
interrupt vectoring address. 

In HALT mode, the CPU operates correctly wit hout th e WAI 
instruction, a nd WAI is executed correctly without HALT input. 
Therefore, if HALT input is necessary, make interrupts wait 
during the loop routine, as shown in Figure 33. 



■ WRITE'ONLY REGISTER 

When the CPU reads a write-only register, the read data is always 
$FF, regardless of the value in the write-only register. Therefore, be 
careful of the results of instructions which read write-only register 
and perform an arithmetic or logical operation on its contents, such 
as AIM, ADD, or ROL, is executed, because the arithmetic or 
logical operation is always done with the data $FF. In particulars, 
don't use the AIM, OIM or EIM instruction to manipulate the DDR 
bit of PORT. 



■ WARNING CONCERNING POWER START-UP 

RES must be held low for at least 20 ms when the power starts up. 
In this case, the internal reset function is not effective until the 
oscillation begins at power-on. The RES signal is input to the LSI in 
synchronism with the internal clock (shown in Figure 35.) 

Therefore, after power starts up, the LSI conditions such as its 1/ 
O ports and operating mode, are unstable. Fix the level of I/O ports 
by means of an external circuit to determine the level for system 
operation during the oscillator stabilization time. 



wrong vector address 
(MSB) 



wrong vector address 
(LSB) 



op-code fetch 



waiting for 
interrupt 



interrupt occurs 



vector fetch for interrupt 



interrupt routine 



Figure 33 MAC function during WAI 



CLI 



WAI 



LOOP 



CLI 



BRA 



LOOP 



I ) MAL function ii) Recommended method 

Figure 34 Program to wait for interrupt 



RES pin- 



internal reset 
signal 



Figure 35 RES circuit 
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HD6305X2, HD63A05X2, HD63B05X2 

CMOS MCU (Microcomputer Unit) 



The HD6305X2 is memory expandable versions of the 
HD6305X0, which is CMOS 8-bit single chip microcomputer. A 
CPU, a clock generator, a 128-byte RAM, I/O terminals, two 
timers and a serial communication interface (SCI) are built in the 
HD6305X2. 

The HD6305X2 has the same functions as the HD6305X0's 
except for the number of I/O terminals. The HD6305X2 is a 
microcomputer unit which includes no ROM and its memory 
space is expandable to 16k bytes externally. 

■ HARDWARE FEATURES 

• 8-bit based MCU 

• 128-bytes of RAM 

• A total of 31 terminals, including 24 l/O's, 7 inputs 

• Two timers 

— 8-bit timer with a 7-bit prescaler (programmable prescaler, 
event counter) 

— 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 

• Six interrupts (two external, two timer, one serial and one 
software) 

• Low power dissipation modes 

— Wait In this mode, the clock oscillator is on and the 

CPU halts but the timer/serial/interrupt func- 
tion is operable. 

— Stop In this mode, the clock stops but the RAM data, 

I/O status and registers are held. 

— Standby . . In this mode, the clock stops, the RAM data is 

held, and the other internal condition is reset. 

• Minimum instruction cycle time 
— HD6305X2. . .1 /ts (f = 1 MHz) 

— HD63A05X2. . .0.67 /iS (f = 1.5 MHz) 
— HD63B05X2. . .0.5 (f = 2 MHz) 

• Wide operating range 

Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 
— HD6305X2 . . f = 0.1 to 1 MHz (Vcc = 5V±10%) 
— HD63A05X2. f = 0.1 to 1.5 MHz (Vcc = 5V±10%) 
— HD63B05X2 . f = 0.1 to 2 MHz (Vqc = 5V ± 10%) 



HD6305X2P, HD63A05X2P, 




(DP-64S) 



HD6305X2F, HD63A05X2F, 
HD63B05X2F 




(FP-64) 



■ SOFTWARE FEATURES 

• Similar to HD6800 

• Byte efficient instruction set 

• Powerful bit manipulation instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for all RAM bits and all I/O termi- 
nals) 

• A variety of interrupt operations 

• Index addressing mode useful for table processing 

• A variety of conditional branch instructions 

• Ten powerful addressing modes 

• All addressing modes adaptable to RAM, and I/O instructions 

• Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 



■ PROGRAM DEVELOPMENT SUPPORT TOOLS 

• Cross assembler software for use with IBM PCs and compati- 
bles 

• In circuit emulator for use with IBM PCs and compatibles 
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■ PIN ARRANGEMENT 

• HD6305X2P, HD63A05X2P, HD63B05X2P 



> HD6305X2F, HD63A05X2F, HD63B05X2F 



RESC! 

stbyO 

XTAL □ 
EXTAL CB 
NUMQ 
TIMER □ 
A7C3 

A, OS 

A4(I2 
A2IH 

AiDDS 

AoffiB 

B7II2 
B4C2S 

Bits 
BoQ 

C7/TX 25 

C«/Rx Q 

c,/cK B2 
c«CS 
C3CS 
C2GS 
c, E 
Co 02 



Q o 



M OATAo 
□ DATA , 
B2 DATA 2 

SSdata, 

Bl DATA 4 
S3 DATA s 
S DATA a 
53 DATA, 

S9 R/w 
3 ADR13 

53 ADR 12 
52 ADRn 

5S ADR10 

3 ADRt 
Si ADRt 

Q ADR 7 
£B ADR* 
9 ADR 6 
S ADR4 
9 ADR 3 
13 ADR, 
Q AOR1 
JD ADRo 

QD, 

S 0«/INT2 

ao> 

32)04 

3BD, 
39 02 
SB Di 



TIMER] 

A;[7 

A.[T 

A3IT 
ajQ; 

A. [T 
Ao[T 

B, [io 

BsQT 
83(14 

BoQI 

C7/TX GI 

Ct/RxQ? 



^<-j,v <<<<<< 
^ h- < la »- f/i w^- *- t ^ t t 



DATAfi 
I DATA, 
I E 

I R/W 
I ADR, 3 
[ ADR,, 
I ADR,, 
I ADR,o 
I ADR9 
ADRb 
I ADR, 
j ADRe 
I ADR5 
I ADR4 
I ADRj 
I ADRj 
I ADR, 
I ADRo 



MpllppIlppRlMpf" 



(Top View) 



(Top View) 
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■ BLOCK DIAGRAM 



RES 

u 



INT STBY 



TIMER-* 


Prncaler 


Timer/ 


7 


8 Counter 




Ttmer Control 



Port A 
I/O 

Terminals 



Port B 
I/O 

Terminal! 



Port C 
I/O 

Terminals 



Ci/CK- 
C^R« - 

C,/T« - 











1 A 
ister 


«* «• 
6 ? 




Por 
Regi 



















CO « 




Por 
negi 


Data 

ion R 







Co- 









u • 



















Serial 
Data 
Register 


Serial 
Control 
Register 


Serial 
Status 
Register 



J 



Accumulator 

8 A 






Index 
3 Register )^ 




CPU 
Control 


Condition Code 






Register 

5 CC 


CPU 




Stack 




6 Pointer jP 






Program 
Counter 
6 "High" pcH 




ALU 


Program 
Counter 
8 "Low" PCL 







Miscella- 
neous 
Register 



4096x8 * 
ROM 



128x8 
RAM 



' No internal ROM in HD6305X2 



- O^lNT, 

- 0, 

■ 0. Port D 
_ Terminals 



- AOR,] 

- AOR,} 

- AOR,, 

- AOR.o 

- AOR, 

- AOR, 

- AOR, 

- AOR, 
" AOR» 

- AOR« 

- AOR, 

- AORj 

- AOR, 
" AORo 



- DATA, 

- OATA, 

- OATA, 

- DATA* 

- OATA, 

- OATA, 

- OATA, 

- DATAo 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


vaiue 


Unit 


Supply Voltage 


Vcc 


-0.3- +7.0 


V 


Input Voltage 


V.n 


-0.3- Vcc + 0.3 


V 


Operating Temperature 


Topr 


0-+70 


""C 


Storage Temperature 


Tstg 


-55- +150 





(NOTE) These products have a protection circuit m their input ternninals against high electrostatic voltage or high electric fields Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits To assure normal 
operation, we recommended V}n, ^ouv Vss ^ or ^out^ ^ ^CC 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc = 5.0V±10%, Vjs » GND, Ta = ~ +70"'C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input "High" Voltage 


RES, STBY 


V,H 




Vcc-0.5 




Vcc +0.3 


V 


EXTAL 


VccxO.7 




Vcc +0.3 


Other Inputs 


2.0 




Vcc +0.3 


Input "Low" Voltage 


All Inputs 


V,L 




-0.3 




0.8 


V 


Output "High" Voltage 


All Outputs 


VoH 


loH = -200/LtA 


2.4 






V 


loH = -10/iA 


Vcc-0.7 






Output "Low" Voltage 


All Outputs 


Vor" 


loL = 1.6mA 






0.55 


V 


Input Leakage Current 


TIMER, INT, 
Di -D7,STBY 


HilI 


Vin = 0.5- Vcc-0.5 






1.0 


/iA 


Three-state Current 


Ao ~ A7, Bo ~ B7, 

Co C7, ADRo ~ ADR13*, 

DATAo~ DATA7, E*,R/W* 


HtsiI 






1.0 


ma 


Current Dissipation** 


Operating 


'cc 


f = 1MHz*** 




5 


10 


mA 


Wait 




2 


5 


mA 


Stop 




2 


10 


MA 


Standby 




2 


10 


ma 


Input Capacitance 


All Terminals 


Cin 


f = 1MHz, Vin = OV 






12 


pF 



• Only at standby 
V|H mm = Vcc-1 OV, V|l max = 8V 
••* The value at f = xMHz is given by using 
Ice (f =:cMH2) = Ice = 1MHz) XX 



• AC CHARACTERISTICS (Vcc = 5.0V±10%, Vjs = GND, Ta = - +70''C, unless otherwise noted.) 



Item 


Symbol 


Test 


HD6305X2 


HD63A05X2 


HD63B05X2 


Unit 


Condition 


min 


typ 


max 


min 


typ 


max 


mm 


typ 


max 


Cycle Time 


tcyc 




1 




10 


0.666 




10 


0.5 




10 


Ats 


Enable Rise Time 


tEr 








20 






20 






^ 20 


ns 


Enable Fall Time 


tEf 








20 






20 






20 


ns 


Enable Pulse Width("High" Level) 


PWeh 




450 






300 






220 






ns 


Enable Pulse Width ("Low" Level) 


PWel 




450 






300 






220 






ns 


Address Delay Time 


^AD 


Fig 1 






250 






190 






180 


ns 


Address Hold Time 


tAH 




40 






30 






20 






ns 


Data Delay Time 


^DW 








200 






160 






120 


ns 


Data Hold Time (Write) 


^HW 




40 






30 






20 






ns 


Data Set-up Time (Read) 


toSR 




80 






60 






50 






ns 


Data Hold Time (Read) 



























ns 
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• PORT TIMING (Vcc = 5.0V+10%, Vss -GND, Ta = ~ +70° C, unless otherwise noted.) 



Item 


Symbol 


Test 


HD6305X2 


HD63A05X2 


HD63B05X2 


Unit 


Condition 


mm 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


Port Data Set-up Time 
(Port A, B,C, D) 


tpDS 


Fig. 2 


200 






200 






200 






ns 


Port Data Hold Time 
(Port A, B,C, D) 


tPDH 


200 






200 






200 






ns 


Port Data Delay Time 
(Port A, B,C) 


tpDW 


Fig. 3 






300 






300 






300 


ns 



• CONTROL SIGNAL TIMING (Vcc = 5.0V±10%, Vss =GND, Ta = ~ +70''C, unless otherwise noted.) 



Item 


Symbol 


Test 


HD6305X2 


HD63A05X2 


HD63B05X2 


Unit 


Condition 


mm 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


INT Pulse Width 


t|WL 




tcyc 

+250 






tcyc 
+200 






tcyc 

+200 






ns 


INT2 Pulse Width 


t|WL2 




tcyc 

+250 






tcyc 
+200 






tcyc 

+200 






ns 


RES Pulse Width 


^RWL 




5 






5 






5 






tcyc 


Control Set-up Time 




Fig 5 


250 






250 






250 






ns 


Timer Pulse Width 


^TWL 




tcyc 

+250 






tcyc 
+200 






tcyc 
+200 






ns 


Oscillation Start Time (Crystal) 


tosc 


Fig 5,Fig 20* 






20 






20 






20 


ms 


Reset Delay Time 


^RHL 


Fig. 19 


80 






80 






80 






ms 



* Cl = 22pF ±20%, Rs = 60n max. 



• SCI TIMING (Vcc = 5.0V±10%, Vss= GND, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test 


HD6305X2 


HD63A05X2 


HD63B05X2 


Unit 


Condition 


mm 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


Clock Cycle 


tScyc 




1 




32768 


0.67 




21845 


0.5 




16384 


/is 


Data Output Delay Time 


tjXD 


Fig 6, 






250 






250 






250 


ns 


Data Set-up Time 


tSRX 


Fig. 7 


200 






200 






200 






ns 


Data Hold Time 


tHRX 




100 






100 






100 






ns 
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2 4V-!r- 
6vV 



-PWel 



Ao ~ An 
R/W 



X 



2 4V 
6V 



-PWeh- 



-tE, 



Address Valid 



MCU Write 
DATAo ~ DATA7 



MCU Read 
DATAo ~ DATA7 



4V 
6V 



Data 
Valid 



-toSR- 



tEf 



X 



OV 



8V 



Data Valid 



-tHW 



-tHR 



Figure 1 Bus Timing 



Port 
A,B,( 



2 4V-/^ 

^ ^^7 tpDH 



' ~\^2 OV Data ^/ 
,C,D -/ c-Q 8V Valid -/ \ 



rO 6V 



-tpDW- 



Port 

A,B,C 



2 4V Data 
■0,6V Valid 



Figure 2 Port Data Set-up and Hold Tinnes 
(MCU Read) 



Figure 3 Port Data Delay Tinne (MCU Write) 



Interrupt 
Test 



Address 
Bus 



R/W 



ii_njTJ"Lrijn_rijnjnj~Ln_^^ 



X 




X X 


XDCXZXZXIXDC 


X 




op Code Op Code \fff 
Address Address + 1 


SP SP- 


1 SP-2 SP-3 SP-4 Vector Vector New PC 
MSB LSB Address 




/ 


PCo~ 


AddressAddress 








PC7 






X 


DCDCDC 


X X 


xixzxzxixzxzx: 





PCs- IX ACC CC Vector Vector First nst of 

an f^SB LSB 

PC 13 AddressAddress Interrupt Routine 



Figure 4 Interrupt Sequence 
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5 5V 

Vcc 4 5V^^ 



i_aj~mTiJiJTru~^'-^m_rLrL 



f-Mcc-0 5V 



Address 
Bus 



Data Bus 



IFFF 1FFF 1FFF IFFF 1FFE 1FFF New PC 



Clock Output 
C5/CK 



Data Output 
C7/TX 



Data Input 
Ce/Rx 



Figures Reset Timing 

tscyc 



6V 



/r4v \ 

6v / \o6V / 



trxD 



I 



2 4V 
6V 



SRX 



I 



-2 OV 
r0 8V 



2 OV 
8V 



Figure6 SCI Timing (Internal Clock) 



U — tosc— 
jf-Vcc-OE 



Clock Input 

C5/CK 



Data Output 

C7/TX 



tO 8V 



8V/ - \Q 8V / 



4V 



6V 



I 



Data Input 
Ce/Rx 



tSRX^ 

ov" 

8V 



tHRX 



2 0V4 
8V 



Figure? SCI Timing(External Clock) 
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TTL Load 
(Port) 
Test point 
terminal 



loL=1 6mA 




90pF |l2kQ 



(NOTES) 1. The load capacitance includes stray capacitance caused 
by the probe, etc 
2. All diodes are 182074® 

Figure 8 Test Load 



■ DESCRIPTION OF TERMINAL FUNCTIONS 

The input and output signals of the MCU are described 
here. 

•VccVss 

Voltage is applied to the MCU through these two terminals. 
Vcc >s 5.0V ± 109^ while Vss is grounded. 

• INT, rKPfT 

External interrupt request inputj^to the MCU. For details, 
refer to "INTHRRUPT" The INTj terminal is also used as 
the port Dft terminal 

• XTAL, EXTAL 

These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut. 2,0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to "INTERNAL 
OSCILLATOR" for using these input terminals. 



• Data Bus (DATAq ~ DATA7) 

This TTL compatible three-state buffer can drive one TTL 
load and 90pF. 

• Address Bus (ADRq ~ ADR n) 

Each terminal is TTL compatible and can drive one TTL 
load and 90pF. 

• Input/Output Terminals (Ao ~ A?, Bo ~ B?, Co ~ C7) 

These 24 terminals consist of three 8-bit I/O ports (A, B. C). 
Each of them can be used as an input or output terminal on 
a bit througli program control of the data direction register. 
For details, refer to "I/O PORTS." 

• Input Terminals (Di ~ D?) 

These seven input-only terminals are TTL or CMOS com- 
patible. Of the port D's, D6 is also used as INT2 . If De is 
used as a port, the INT2 interrupt mask bit of the miscellane- 
ous register must be set to "1" to prevent an INT2 interrupt 
from being accidentally accepted. 

• STBY 

This terminal is used to place the MCU into the standby 
mode. With STBY at "Low" level, the oscillation stops and 
the internal condition is reset. For details, refer to "Stand- 
by Mode." 

The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports Cs, C6 and C7. For detaUs, refer to "SERIAL COM- 
MUNICATION INTERFACE." 

• CK (Cs) 

Used to input or output clocks for serial operation. 

• Rx (C6) 

Used to receive serial data. 

• Tx (C7) 

Used to transmit serial data. 



• TIMER 

This is an input terminal for event counter. 
"TIMER" for details. 



Refer to 



• RES 

Used to reset the MCU. Refer to "RESET" for details. 

• NUM 

This terminal is not for user application. In case of the 
HD6305X1, this terminal should be connected to Vcc 
through lOkn resistance. In case of the HD6305X2, this 
terminal should be connected to Vss • 

• Enable (E) 

This output terminal supplies E clock. Output is a single- 
phase, TTL compatible and 1/4 crystal oscillation frequency 
or 1/4 external clock frequency. It can drive one TTL load 
and a 90pF condenser. 

• Read/Write (R/W) 

This TTL compatible output signal indicates to peripheral 
and memory devices whether MCU is in Read ("High"), or 
in Write ("Low") The normal standby state is Read C'High"") 
Its output can drive one TTL load and a 90pF condenser. 



■ MEMORY MAP 

The memory map of the MCU is shown in Fig. 9. $1000 ~ 
SIFFF of the HD6305X2 are external addresses. However, 
care should be taken to assign vector addresses to $1FF6 ~ 
SIFFF. During interrupt processing, the contents of the CPU 
registers are saved into the stack in the sequence shown in 
Fig. 10. Tins saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 
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127 
128 



255 
256 



4095 
4096 



8182 

8191 
8192 



16383 



I/O Ports 
Timer 
SCI 



RAM 

(128Bytes) 
Stack 



External 
Memory Space 




ROM ' 

(4,096Bytes) 



Interrupt • 



External 
Memory Space 



$0000 



$OFFF 
$1000 






PORT A 


$00 


1 


PORT B 


$01 


2 


PORT C 


$02 


3 


PORT D 


$03* 


4 


PORT A DDR 


$04* 


5 


PORT B DDR 


$05* 


6 


PORT C DDR 


$06* 




Not Used 




8 


Timer Data Reg 


$08 


9 


Timer CTRL Reg 


$09 


10 


Misc Reg 


$0A 




Not Used 




\ 


SCI CTRL Reg 


$10 




SCI STS Reg 


$11 


V 


SCI Data Reg 


$12 


31 


Not Used 


$1F 


32 


External 


$20 


12^ 


Memory Space 


$7F 



$3FFF 



• Write only register 
Read only register 



• ROM area ($1000 ~ $1 FFF) m the HD6305X2 
IS changed into External Memory Space 



Figure 9 Memory Map of MCU 



7 6 5 4 3 2 1 



n-4 
n-3 
n-2 
n-1 
n 



1 1 1 



Condition 
Code Register 



Accumulator 



Index Register 



PCH* 



PCL- 



n+1 
n + 2 
n + 3 
n + 4 
n + 5 



• In a subroutine call, only PCL and PCH are stacked. 
Figure 10 Sequence of Interrupt Stacking 



■ REGISTERS 

There are five registers which the programmer can operate. 



Accumulator 



n Index 



13 



PC 


13 














6 5 




















1 


1| SP 1 



Register 

Program 
Counter 

Stack 
Pointer 



— I — I — I — I — I Condition 
H I N Z C Code 
' ' ' ' ■'■']' Register 

' Carry/ 

Borr6w 
Zero 



-Negative 

-Interrupt 

Mask 
-Half 

Carry 



Figure 11 Programming Model 



» Accumulator (A) 

This accumulator is an ordinary 8-bit register which holds 
operands or the resuh of arithmetic operation or data process- 
ing. 

• Index Register (X) 

The index register is an 8-bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporanly. 

• Program Counter (PC) 

The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address $OOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 00000011. During the MCU 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer is set to address $00FF. Since a subroutine or 
interrupt can use space up to address $00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 



• Condition Code Register (CO 

The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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Half Carry (H) 
Interrupt (I): 



tions. The CC bits are as follows. 

Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 

Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the mstruction following the 
CLI has been executed.) 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 
"1"). 

Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Represents a carry or borrow that occurred 
in the most recent arithmetic operation This 
bit IS also affected by the Bit Test and Branch 
instruction and a Rotate instruction 



Negative (N): 



Zero (Z) 



Carry/ 
Borrow (C): 



Of these six interrupts, the INT2 and TIMER or the SCI 
and TIMER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
IS obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 

Table 1 Priority of Interrupts 



■ INTERRUPT 

There are six different types of interrupt, external, inter- 
rupts (INT, INT2), internal timer interrupts (TIMER, 
TIMER2), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 



Interrupt 


Priority 


Vector Address 


RES 


1 


$1FFE, $1FFF 


SWI 


2 


$1FFC, $1FFD 


Fnt 


3 


$1FFA, $1FFB 


TIMER/INT2 


4 


$1FF8, $1FF9 


SCI/TIMER2 


5 


$1FF6, $1FF7 



A flowchart of the interrupt sequence is shown in Fig. 12, 
A block diagram of the interrupt request source is shown in 
Fig. 13 



^ Reset ^ 



1-1 

$FF -SP 




-DDR's 




CLR INT Logic 


$FF -TDR 




$7F-*Timer Prescaler 


$50 -TCR 




$3F-SSR 




$00 -SCR 




$7F -MR 







Fetch 
Instruction 






Execute 




Execute 


Instruction 




Instruction 



Load PC From 
SWI $1FFC $1FFD 
INT SIFFA $1FF8 
T^IMER $lFfe $1FF9 
INT, $1FF8 $1FF9 
SCI S1FF6 $1FF7 
TIMER? $1FF6 $1FF7 



Figure 12 Interrupt Flow Chart 
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In the block diagram, both the external interrupts INT and 
INT2 are edge trigger inputs. At the falling edge of e ach input, 
an interrupt request is generated and latched. The INT inter- 
rupt request is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if "0" is written in bit 7 o f the miscell aneous register. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMER2) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to t he pn onty. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER2 interrupt by 
setting bit 4 of the ser ial st atus register. 

The status of the INT terminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testing^yjthese instruc- 
tions. This is also true with the status of the INT2 terminal. 

• Miscellaneous Register (MR;$OOOA) 

The interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1 . For this reason, a special register called the miscel- 
laneous register (MR; SOOOA) is available to control the 
INT2 interrupts. 



Bit 7 of this register is the INT2 int errup t request flag. 
When the falling edge is detected at the INT2 terminal, "1" 
is set m bit 7. Then the software in the interrupt routine 
(vector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 

Miscellaneous Register (MR;$OOOA) 

MR7|MR6|^^U^L^^X|^| 

^ INT2 Interrupt Mask 

' INT2 Interrupt Request Flag 

Miscellaneous Register (MR; SOOOA) 



Bit 6 is thejNT2 interrupt mask bit. If this bit is set to "1", 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but "1" cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 is cleared to "0" and bit 6 is set to "1" 
■ TIMER 

Figure 14 shows a MCU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 



BIH/BIL Test 



Vectoring generated 
$1FFA,$1FFB 



Falling Edge Detector 



IN17 ^ 



TIMER 



Serial Status 
Register (SSR 

SCI TIMER2 I SSR7 [ssnejssRslssRr 



Condition Code Register (CO 

r 




Interrupt Control 
Circuit 



Vectoring generated 
$1FFB,$1FF9 



Vectoring generated 
$1FF6,$1FF7 



Figure 13 Interrupt Request Generation Circuitry 
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register (TDR) becomes "0", the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the CPU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
$1FF8 and $1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(!) in the condition code register, can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached "0", it starts counting 
down with "$FF". The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic "1". The timer interrupt request bit 
(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write "0" in that biK i 



TCR7 ! 


1 . 

Timer interrupt request 





Absent 


1 


Present 




TCR6 


Timer interrupt mask 





Enabled 


1 


Disabled 



• Timer Control Register (TCR; $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 

Timer Control Register (TCR; $0009) 
7 6 5 4 3 2 1 



TCR7 


TCR6 


TCR5 


TCR4 


TCR3 


TCR2 


TCR1 


TCRO 



1 ^ Prescaler division ratio selection 

I Prescaler initialize 

' Clock input source 

— Timer interrupt mask 

Timer interrupt request 

After reset, the TCR is initiaUzed to "E under timer termi- 
nal control" (bit 5 = 0, bit 4 = 1). If the timer terminal is 
"1", the counter starts counting down with "$FF" immediate- 
ly after reset. 

When "1" is written in bit 3, the prescaler is initialized. 
This bit always shows "0" when read. 

Table 2 Clock Source Selection 



Clock input source 



Bit 5 


Bit 4 










Internal clock E 





1 


E under timer terminal control 


1 





No clock input (counting stopped) 


1 


1 


Event input from timer terminal 



(Internal 
Clock) 
E 



TIMER 

Input 

Terminal 















-4 


-8 


16 


32 


64 





Multiplexer 



Timer Data 

Register (TDR. $0008) 



Clock Input 



8-Bit Counter 



Timer Control 
Register 

(TCR,$0009) 



TCR2 



TCRO 



Timer Interrupt 



Write Read 



Figure 14 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios: ^1, -^2,44, 
-^8, -^16, -4-32, -^64 and 4-128. After reset, the TCR is set to the 
■rl mode. 

Table 3 Prescaler Division Ratio Selection 



TCR 


Prescaler division ratio 


Bit 2 


Biti 


BitO 











f1 








1 


^2 





1 





^4 





1 


1 


^8 


1 








-M6 


1 





1 


-r32 


1 


1 





■r64 


1 


1 


1 


■f128 



A timer interrupt is enabled when the timer interrupt mask 
bit is "0", and disabled when the bit is "1". When a timer 
interrupt occurs, "1" is set in the timer interrupt request bit. 
This bit can be cleared by writing "0" m that bit. 

■SERIAL COMMUNICATION INTERFACE (SCI) 

This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in the range 
from 1 jLts to approx. 32 ms (for oscillation at 4 MHz). 

The SCI consists of three registers, one octal counter and 
one prescaler. (See Fig. 15.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 

•SCI Control Register (SCR; $0010) 



7 


6 


5 


4 


3 


2 


1 





SCR7 


SCR6 


SCR5 


SCR4 


SCR3 


SCR2 


SCR1 


SCRO 



C6(CK) 



C 6(Rx) 
C7(Tx) 



SCI Control Registers (SCR; 0010) 



SCR7 


SCR6 


SCR5 


SCR4 


SCR3 


SCR2 


SCR1 


SCRO 



SCI Data Registers 
(SDR: $0012) 



-J\ Multi- 
-jX plexer 



4 3 2 



Octal 
Counter 



MSB 















LSB 



D 



Pre- 
scaler 



Transfer 
Clock 
Genera tor 



SSR7 


SSR6 


SSR5 


SSR4 


SSR3 


X 


X 


X 



SCI Status Registers 
(SSR:$0011) 




SCI/TIMER2 



Figure 15 SCI Block Diagram 
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SCR7 


C7 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data output (DDR output) 




SCR6 


Ce terminal 





Used as I/O terminal (by DDR). 


1 


Serial data input (DDR input) 



SCR5 


SCR4 


Clock source 


C5 terminal 










Used as I/O termmal (by 
DDR). 





1 




1 





Internal 


Clock output (DDR output) 


1 


1 


External 


Clock input (DDR input) 



Bit 7 (SCR7) 

When this bit is set, the DDR corresponding to the C7 
becomes "1" and this terminal serves for output of SCI data. 
After reset, the bit is cleared to "0" 

Bit 6 (SCR6) 

When this bit is set, the DDR corresponding to the Ce 
becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 

Bits5 and4(SCR5,SCR4) 

These bits are used to select a clock source. After reset, 
the bits are cleared to "0" 



Bits 3 ~ 0(SCR3~SCR0) 

These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to "0". 



SCR3 


SCR2 


SCR1 


SCRO 


Transfer clock rate 


4.00 MHz 


4.194 MHz 














1 


0.95 MS 











1 


2 ms 


1.91 MS 








1 





4 /Lis 


3.82 MS 




/ 




/ 


1 

/ 


1 

I 


8 /is 

i 


7 64 ms 

i 


1 


1 


1 


1 


32768 JUS 


1/32 s 



•SCI Data Register (SDR; $0012) 

A serial-parallel conversion register that is used for transfer 
of data. 

•SCI Status Register (SSR;$0011) 



7 6 5 4 3 2 1 



SSR7 


SSR6 


SSR5 


SSR4 


SSR3 


X 


X 


X 



Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5="1". The bit can also be 
cleared by writing "0" in it. 

Bit 6 (SSR6) 

Bit 6 is the TIMER2 interrupt request bit. TIMER2 is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing "0" in it. (For 
details, see TIMER2 .) 

Bit 5 (SSR5) 

Bit 5 IS the SCI interrupt mask bit which can be set or 
cleared by software. When it is "1", the SCI interrupt (SSR7) 
IS masked When reset, it is set to "1". 

Bit 4 (SSR4) 

Bit 4 is the TIMERj interrupt mask bit which can be set 
or cleared by software. When the bit is "1", the TIMER2 
interrupt (SSR6) is masked. When reset, it is set to "1". 

Bit 3 (SSR3) 

When "1" is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is "0". 



Bits 2-0 
Not used. 



SSR7 


SCI interrupt request 





Absent 


1 


Present 




SSR6 


TIMER2 interrupt request 





Absent 


1 


Present 




SSR5 


SCI interrupt mask 





Enabled 


1 


Disabled 




SSR4 


TIMER2 interrupt mask 





Enabled 


1 


Disabled 



• Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output tenninal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written m the SCI data register is output from the C-j/Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 16.) When 8 bit of 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the Ct/Tx terminal. If an external clock 
source has been selected, the transfer rate determined by 
bits ~ 3 of the SCI control register is ignored, and the Cs/ 
CK terminal is set_as input. If the internal clock has been 
selected, the Cs/CK terminal is set as output and clocks are 
output at the transfer rate selected by bits ~ 3 of the SCI 
control register. 

S«ri»l Clock (Cj/CR) 1 I 1 p— J p— I J—, p—i J 1 I 1 I 

I 1 J 2 3 4 5 6 7 8 
0O.PO, o«. .c,/T., SPXTsbX I ^ X t X y X T MSB 



Figure 16 SCI Timing Chart 



TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER2 independently of the 
SCI, specify "External" (SCR5 = 1, SCR4 = 1) as the SCI 
clock source. 

If "Internal" is selected as the clock source, reading or 
writing the SDR causes the ' pre scaler of the transfer clock 
generator to be initialized. 

■ I/O PORTS 

There are 24 input/output terminals (ports A, B, C). Each 
I/O terminal can be selected for either input or output by the 
data direction register. More specifically, an I/O port will 
be input if "0" is written in the data direction register, and 
output if "1" is written in the data direction register. Port A, 
B or C reads latched data if it has been programmed as output, 
even with the output level being fluctuated by the output 
load. (See Fig. 17.) 

When reset, the data direction register and data register go 
to "0" and all the input/output terminals are used as input. 



• Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data. 

The data from the Ce/Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits ~ 3 of the SCI 
control register is ignored and the_data is received synchro- 
nously with the clock from the Cs/CK terminal. If the internal 
clock has been selected, the Cs/CK terminal is set as output 
and clocks are output at the transfer rate selected by bits ~ 
3 of the SCI control register. 

• TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 ~ of the SCI control register 
(4 jUs ~ approx. 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER2 interrupt 
request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, TIMER2 can be used as a 
reload counter or clock. 




X .Transfer clock generator is reset and mask bit (bit 4 

of SCI status register) IS cleared. 
®,(4) :TIMER2 interrupt request 
(D,® :TIMER2 interrupt request bit cleared 




Bit of data 
direction 
register 


Bit of 
output 
data 


Status of 
output 


Input to 
CPU 


1 











1 


1 


1 


1 





X 


3-state 


Pin 



Figure 17 Input/Output Port Diagram 



Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals and input terminals are TTL 
compatible and CMOS compatible in respect of both input and 
output. 

If I/O ports or input ports are not used, they should be 
connected to Vss via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 

■RESET 

The MCU can be reset either by extemal reset input (RES) 
or power-on reset. (See Fig. 18.) On power up, the reset 
input must be held "Low" for at least tosc assure that the 
internal oscillator is stabilized. A sufficient time of delay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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5V 
Vcc 

ov- 



4.5V 
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Terminal 



Internal 
Reset 





tRHL 















Figure 18 Power On and Reset Timing 



lOOkn typ 
Vcc — — 



HD6305X 
MCU 



RES=p 2 



Figure 19 Input Reset Delay Circuit 



■ INTERNAL OSCILLATOR 

The internal oscUlator circuit is designed to meet the 



— m- 

2 0~8 0MHzCZD 
-HI -^^^ 



10~22pF±20% 



EXTAL 



XTAL 



HD6305X 
MCU 





Crystal Oscillator 


Cii 


EXTAL 


-"^ 




CD 

Cl2 


XTAL HD6305X 
MCU 


External 


Ceramic Oscillator 


Clock 




Input 


EXTAL 


NC 


XTAL HD6305X 




MCU 



External Clock Drive 
Figure 20 Internal Oscillator Circuit 



requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig. 20. 
Figs, 21 and 22 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 



AT Cut 
Parallel 
Resonance 
Co==7pF max. 
Co ^=2.0~8 0MH2 
1 Rs=60Q max 



XTAL 



EXTAL 




Figure 21 Parameters of Crystal 



Crystal 




Crystal 



[NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 

Figure 22 Typical Crystal Arrangement 



■ LOW POWER DISSIPATION MODE 

The HD6305X has three low power dissipation modes: 
wait, stop and standby. 

• Walt Mode 

When WAIT instruction being executed, the MCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions - the timer and the serial communication inter- 
face - stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be d one by mte rrupt ( INT. 
TIMER/INT2 or SCI/TIM ERQ, RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MCU executes the instruction 
next to the WAIT. If an interrupt other than the INT (i.e., 
TIMER/INT2 or SCI/TIMER2) is masked by the timer control 
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register, miscellaneous register or serial status register, there 
is no interrupt request to the CPU, so the wait mode cannot 
be released. 

Fig. 23 shows a flowchart for the wait function. 
• Stop Mode 

When STOP instruction being executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the CPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
entering into the stop mode. 

The escape fro m th is mod e c an be done by a n external 
interrupt (IN T or IN T^), RES or STBY. The RES resets the 
MCU and the STBY brings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode , the MCU executes the 
instruction next to the STOP. If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MCU, so the stop mode cannot be released. 



Fig. 24 shows a flowchart for the stop function. Fig. 25 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for sta bilize d oscillation, the CPU beco mes ac tive. 
For restarting by RES, oscillation starts when the RES goes 
"0" andjhe CPU restarts when the RES goes "1". The dura- 
tion of RES="0" must exceed tosc to assure stabilized oscil- 
lation. 

• Standby Mode 

The MCU enters into the standby mode when the STBY 
terminal goes "Low". In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high-impedance state. The 
standby mode should escape by bringing STBY "High". The 
CPU must be r estarte d by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 26. 

Table 4 Usts the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 27. 



(Note) 

Wh en I bit of c ondition code register is "1" and interrupt 
(INT, TIMER/INT2 , SCI/TIMER2) IS held, MCU does not enter 
WAIT mode by the execution of WAIT instruction. 

In that case, after the 4 dummy cycles MCU executes the 
next instruction. 

In the same way, when external interrupts (INT, INTj) are 
held at the bit I set, MCU does not enter STOP mode by the 
execution of STOP instruction. In that case, also, MCU executes 
the next instruction after the 4 dummy cycles. 
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Figure 23 Wait Mode Flow Chart 
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Figure 24 Stop Mode Flow Chart 
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(b) Restart by Reset 
Figure 25 Timing Chart of Releasing from Stop Mode 



STBY 



RES 



^osc I Restart 



Figure 26 Timing Chart of Releasing from Standby Mode 



Table 4 Status of Each Part of MCU in Low Power Dissipation Modes 









Condition 




Mode 




Start 


Oscil- 
lator 


CPU 


Timer, 
Serial 


Register 


RAM 


I/O 
terminal 


Escape 


WAIT 


Soft- 


WAIT in- 
struction 


Active 


Stop 


Active 


Keep 


Keep 


Keep 


STBY, RES, INT, i'NTj, 
each interrupt request of 
TIMER, TIMER2, SCI 


STOP 


ware 


STOP in- 
struction 


Stop 


Stop 


Stop 


Keep 


Keep 


Keep 


STBY, RES, INT. INTT 


Stand- 
by 


Hard- 
ware 


STBY'="Low" 


Stop 


Stop 


Stop 


Reset 


Keep 


High im- 
pedance 


STBY="High" 
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Figure 27 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 



■ BIT MANIPULATION 

The MCU can use a single instruction (BSET or BCLR) to 
set or clear one bit of the RAM or an I/O port (except the 
write-only registers such as the data direction register). Every 
bit of memory or I/O within page ($00 ~ $FF) can be tested 
by the BRSET or BRCLR instruction, depending on the result 
of the test, the program can branch to required destinations 
Since bits in the RAM, or I/O can be manipulated, the user 
may use a bit within the RAM as a flag or handle a single I/O 
bit as an independent I/O terminal. Fig 28 shows an example 
of bit manipulation and the vahdity of test instructions In 
the example, the program is configured assuming that bit 
of port A is connected to a zero cross detector circuit and 
bit 1 of the same port to the trigger of a triac 

The program shown can activate the triac within a time of 
lOjus from zero-crossing through the use of only 7 bytes on 
the ROM. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 

SELF 1 BRCLR 0, PORT A, SELF 1 
BSET 1, PORT A 
BCLR 1, PORT A 

Figure 28 Example of Bit Manipulation 

■ ADDRESSING MODES 

Ten different addressing modes are avadable to the MCU 

• Immediate 

See Fig. 29. The immediate addressing mode provides 
access to a constant which does not vary dunng execution of 
the program. 

This access requires an instruction length of 2 bytes. The 
effective address (EA) is PC and the operand is fetched from 



the byte that follows the operation code 

• Direct 

See Fig. 30. In the direct addressing mode, the address of 
the operand is contained in the 2nd byte of the instruction 
The user can gain direct access to memory up to the lower 
255th address All RAM and 1/0 registers are on page of ad- 
dress space so that the direct addressing mode may be utilized. 

• Extended 

See Fig. 31. The extended addressing is used for referenc- 
ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code An extended 
addressing instruction requires a length of 3 bytes 

• Relative 

See Fig. 32. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel = 0. When a branch occurs, the program jumps 
to any byte m the range +129 to -127. A branch instruction 
requires a length of 2 bytes 

• Indexed (No Offset) 

See Fig 33 The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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• indexed (8-bit Offset) 

See Fig. 34. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 5 1 1 th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 

• Indexed (16-blt Offset) 

See Fig. 35. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long, 

• Bit Set/Clear 

See Fig. 36. This addressing mode is appUed to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 



• Bit Test and Branch 

See Fig. 37. This addressing mode is appUed to the BRSET 
and BRCLR instructions that can test any bit within page 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is estabhshed. Each of these instructions should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 

• Implied 

See Fig. 38. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 
and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
should have a length of one byte. 



PROG LDA 5$F8 05BE 
05BF 













1 H F8 
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1 
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Prog Count 


F8 


( 05C0 




cc 



Figure 29 Example of Immediate Addressing 



CAT FCB 32 004B 



PROG LDA CAT 052D 
052E 



Adder 



20 

Index Reg~ 



Figure 30 Example of Direct Addressing 
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y Adder V 

7\ .N 



PROG LDA CAT 0409 . 

040A . 
040B 



% Reg 



CAT FCB 64 06E5 



Prog Count 



Figure 31 Example of Extended Addressing 



PROG BEG PR0G2 04A7 
04A8 



1^ 



Adder 



Figure 32 Example of Relative Addressing 



Memory j" 



TABL FCC LI 0088 



PROG LDA X 05F4 



Adder \ 



Index Reg" 



Stack Pom 

I I 



Prog Count 



Figure 33 Example of Indexed (No Offset) Addressing 
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TABL FCB =BF 0089 
FCB =86 008A 
FCB =DB 008B 
FCB =CF 008C 



PROG LDA TABL X 075B 
075C 



BF 




86 






DB 


CF 








E6 


89 













Prog Count 



Figure 34 Example of Index {8-bit Offset) Addressing 



PROG LDA TABL X 0692 
0693 
0694 



TABL FCB =BF 077E 
FCB =86 077F 
FCB =DB 0780 
FCB =CF 0781 
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06 


07 


7E 







Adder 



A DB 
lr)dex ReV" 



Stack Point 



Figure 35 Example of Index (16-bit Offset) Addressing 



PORT B EQU 1 0001 



PROG BCLR 6 PORT B 058F 
0590 



Addei 



Prog Count 



Figure 36 Example of Bit Set/Clear Addressing 
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lif_ 



PORT C EQU 2 0002 



PROG BRCLR 2 PORT C PROG 2 0574 
0575 
0576 



Adder 



Index Reg 



Stack^int 
Prog Count ^ 



■i 0." I 



AddTr 



0594 I 



I c I 



Figure 37 Example of Bit Test and Branch Addressing 



Adder \ 



PROG TAX 05BA 



A 



Prog Count 



Figure 38 Example of Implied Addressing 



■ INSTRUCTION SET 

There are 62 basic instructions available to the HD6305X 
MCU. They can be classified into five categories: register/ 
memory, read/modify/write, branch, bit manipulation, and 
control. The details of each instruction are described in 
Tables 5 through 1 1 . 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305X MCU. There is no register operand in the uncon- 
ditional jump instruction (JMP) and the subroutine jump 
instruction (JSR). See Table 5. 

• Read/Modify /Write Instructions 

These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 



• Branch Instructions 

A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 

• Bit Manipulation Instructions 

These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 

• Control Instructions 

The control instructions control the operation of the MCU 
which is executing a program. See Table 9. 

• List of Instructions in Alphabetical Order 

Table 10 lists all the instructions used on the HD6305X 
MCU in the alphabetical order. 

• Operation Code Map 

Table 1 1 shows the operation code map for the instructions 
used on the MCU. 
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Table 5 Register/Memory Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/ 
Arithnrwtic 
Operation 


Condition 
Code 


Immediate 


Direct 


Extended 


Indexed 

(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 


OP 


9 




OP 


9 




OP 


» 




OP 


» 




OP 


n 




OP 


n 




H 


1 


N 


2 


c 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 


1 


3 


E6 


2 


4 


D6 


3 


5 


M->A 


• 




A 


A 


• 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


CE 


3 


4 


FE 


1 


3 


EE 


2 


4 


DE 


3 


5 


M-X 


• 








• 


Store A in Memory 


STA 








B7 


2 


3 


C7 


3 


4 


F7 


1 


4 


E7 


2 


4 


D7 


3 


5 


A-M 


• 


• 






• 


Store X in Memory 


STX 








BF 


2 


3 


CF 


3 


4 


FF 


1 


4 


EF 


2 


4 


DF 


3 


5 


X-M 


• 




A 


A 


• 


Add Memory to A 


ADD 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 


1 


3 


EB 


2 


4 


DB 


3 


5 


A + M-.A 




• 








Add Memory and Carry 
to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 


1 


3 


E9 


2 


4 


D9 


3 


S 


A+M+C-A 




• 








Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 


1 


3 


EO 


2 


4 


00 


3 


5 


A-M-A 


• 






A 


A 


Subtract Memory from 
A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 


1 


3 


E2 


2 


4 


D2 


3 


S 


A-M-C-A 


• 










AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 


1 


3 


E4 


2 


4 


D4 


3 


5 


A M-.A 


• 








• 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 


1 


3 


EA 


2 


4 


DA 


3 


5 


A+M-A 


• 






A 


• 


Exclusive OR Memory 
with A 


EOR 


AS 


2 


2 


B8 


2 


3 


C8 


3 


4 


F8 


1 


3 


E8 


2 


4 


08 


3 


5 


A^+yM-A 


• 








• 


Arithmetic Compare A 
with Memory 


CMP 


A1 


2 


2 


B1 


2 


3 


CI 


3 


4 


F1 


1 


3 


El 


2 


4 


D1 


3 


5 


A-M 


• 










Arithmetic Compare X 
with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 


1 


3 


E3 


2 


4 


D3 


3 


5 


X-M 


• 




A 






Bit Test Memory with 
A (Logical Compare) 


BIT 


A5 


2 


2 


BS 


2 


3 


C5 


3 


4 


F5 


1 


3 


ES 


2 


4 


D5 


3 


5 


A M 


• 




A 




e 


Jump Unconditional 


JMP 








BC 


2 


2 


CC 


3 


3 


FC 


1 


2 


EC 


2 


3 


DC 


3 


4 














Jump to Subroutine 


JSR 








BD 


2 


5 


CD 


3 


6 


FD 


1 


5 


ED 


2 


5 


DD 


3 


6 















Symbols Op " Operation 

# - Number of bytes 
~ - Number of cycles 



Table 6 Read/Modify /Write Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/Arithmetic Operation 


Condition 
Code 


Implied(A) 


Implied(X) 


Direct 


Indexed 
(No Offset) 


indexed 
(8 Bit Offset) 


OP 


s 




OP 


8 




OP 


8 




OP 


« 




OP 


a 




H 


1 


N 


z 


c 


Increment 


INC 


4C 


1 


2 


5C 


1 


2 


3C 


2 


5 


7C 


1 


5 


6C 


2 


6 


A+1-A or X+1 ♦X or M+1 -M 










• 


Decrement 


DEC 


4A 




2 


5A 




2 


3A 


2 


5 


7A 


1 


5 


6A 


2 


6 
6 


A-1 -A or X-1 -X or M-1 -M 










• 


Clear 


CLR 


4F 


1 


2 


5F 


1 


2 


3F 


2 


5 


7F 


1 


5 


6F 


2 


00 -A or 00 -X or 00 -M 









1 


• 


Complement 


COM 


43 


1 


2 


53 


1 


2 


33 


2 


5 


73 


1 


5 


63 


2 


6 


A -A or X-X or M-M 










1 


Negate 

(2's Complement) 


NEG 


40 


1 
1 


2 


50 


1 


2 


30 


2 


5 


70 


1 


5 


60 


2 


6 


00-A -A or 00-X-X 
or 00-M -M 












Rotate Left Thru Carry 


ROL 


49 


2 


59 


1 


2 


39 


2 


5 


79 


1 


5 


69 


2 


6 


LlH H44-H 1 H 








^ 




Rotate Right Thru Carry 


ROR 


46 


1 


2 


56 


1 


2 


36 


2 


5 


76 




5 


66 


2 


6 


l^cH 1 |.i..:«H 1 P 












Logical Shift Left 


LSL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


m 1 1 1 K-» 






A 






Logical Shift Right 


LSR 


44 


1 


2 


54 


1 


2 


34 


2 


5 


74 


1 


5 


64 


2 


6 















Arithmetic Shift Right 


ASR 


47 


1 


2 


57 


1 


2 


37 


2 


5 


77 


1 


5 


67 


2 


6 


f " l b> — " bo C 

Lp-i w.i.-!A 1 m 








A 




Arithmetic Shift Left 


ASL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


Equal to LSL 








A 




Test for Negative 
or Zero 


TST 


40 




2 


5D 


1 


2 


3D 


2 


4 


70 


1 


4 


60 


2 


5 


A-00 or X-OOor M-00 






A 


A 


• 



Symbols Op ' Operation 

# " Number of bytes 
~ » Number of cycles 
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Table 7 Branch Instructions 



Operations 



Mnemonic 



Addressing Modes 



Relative 



OP 



Branch Test 



Condition Code 



H I N Z C 



Branch Always 



BRA 



20 



None 



Branch Never 



BRN 



21 



None 



Branch IF Higher 



BHI 



22 



C+Z=0 



Branch IF Lower or Same 



BLS 



23 



C + Z=1 



Branch IF Carry Clear 



BCC 



24 



C=0 



(Branch IF Higher or Same) 



(BHS) 



24 



C=0 



Branch IF Carry Set 



BCS 



25 



C = 1 



(Branch IF Lower) 



(BLO) 



25 



C = 1 



Branch IF Not Equal 



BNE 



26 



Z=0 



Branch IF Equal 



BEQ 



27 



Z=1 



Branch IF Half Carry Clear 



BHCC 



28 



H=0 



Branch IF Half Carry Set 



BHCS 



29 



H = 1 



Branch IF Plus 



BPL 



2A 



N=0 



Branch IF Minus 



6MI 



26 



N=1 



Branch IF Interrupt Mask 
Bit IS Clear 



BMC 



2C 



1 = 



Branch IF Interrupt Mask 
Bit IS Set 



BMS 



2D 



1=1 



Branch IF Interrupt Line 
IS Low 



BIL 



2E 



INT = 



Branch IF Interrupt Line 
IS High 



BIH 



2F 



INT=1 



Branch to Subroutine 



BSR 



AD 



Symbols. Op = Operation 

# = Number of bytes 
~ = Number of cycles 



Table 8 Bit Manipulation Instructions 







Addressing Modes 


Boolean/ 


Branch 
Test 


Condition Code 


Operations 


Mnemonic 


Bit Set /Clear 


Bit Test and Branch 


Arithmetic 






OP 






OP 


t 




Operation 


H 




N 


Z 


c 


Branch IF Bit n is set 


BRSETn(n = 7) 








2.n 


3 


5 




Mn = 1 


• 


• 


• 


• 


A 


Branch IF Bit n is clear 


BRCLR n(n = 7) 








01+2. n 


3 


5 




Mn = 


• 


• 


• 


• 


A 


Set Bit n 


BSET n(n=0 7) 


10+2n 


2 


5 








1-Mn 














Clear Bit n 


BCLR n(n=0-- 7) 


11+2. n 


2 


5 








0-Mn 















Symbols Op = Operation 

# = Number of bytes 
~ = Number of cycles 
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Table 9 Control Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean Operation 


Condition Code 


Implied 


OP 






H 




N 


z 


c 


Transfer A to X 


TAX 


97 




2 


A-X 




• 






• 


Transfer X to A 


TXA 


9F 




2 


X-^A 




• 






• 


Set Carry Bit 


SEC 


99 




1 


1-C 




• 




— 


1 


Clear Carry Bit 


CLC 


98 


...J 


1 


0-*C 




• 









Set Interrupt Mask Bit 


SEI 


9B 




2 


1-1 




1 








Clear Interrupt Mask Bit 


CLI 


9A 




2 


0-1 













Software Interrupt 


SWI 


83 




10 






1 








Return from Subroutine 


RTS 


81 




5 






• 








Return from Interrupt 


RTI 


80 




8 






7 








Reset Stack Pointer 


RSP 


9C 




2 


$FF-SP 












No-Operation 


NOP 


9D 




1 


Advance Prog Cntr Only 












Decimal Adjust A 


DAA 


80 




2 


Converts binary add of BCD charcters into 
BCD format 










A* 


Stop 


STOP 


8E 




4 














Wait 


WAIT 


8F 




4 















Symbols. Op= Operation 

# = Number of bytes 
~ = Number of cycles 



* Are BCD characters of upper byte 10 or more' (They are not cleared if set in advanci 



Table 10 Instruction Set (in Alphabetical Order) 



Addressing Modes 



Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8- Bit) 


Indexed 
(16-Bit) 


Bit 

Set/ 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


z 


c 


ADC 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 


A 


AND 




X 


X 


X 




X 


X 


X 










A 




• 


ASL 


X 




X 






X 


X 












A 


A 


A 


ASR 


X 




X 






X 


X 












A 


A 


A 


BCC 










X 






















BCLR 


















X 














BCS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHI 










X 






















(BHS) 










X 






















BIH 










X 






















BIL 










X 






















BIT 




X 


X 


X 




X 


X 


X 
















(BLO) 










X 






















BLS 










X 






















BMC 










X 






















BMI 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 























Condition Code 



Condition Code Symbols 
H Half Carry (From Bit 3) 
I interrupt Mask 
N Negative (Sign Bit) 
Z Zero 



(to be continued) 



Carry/Borrow 

Test and Set if True, Cleared Otherwise 
Not Affected 

Load CC Register From Stack 
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Table 10 Instruction Set (in Alphabetical Order) 



Addressing Modes 



Implied 



Extended 



Relative 



Indexed 
(No Offset) 



Indexed 
(8-Bit) 



Indexed 
(16-Bit) 



Bit 
Set, 
Clear 



Bit 
Test & 
Branch 



Condition Code Synnbols 

H Half Carry (From Bit 3) C 

I Interrupt Mask /\ 

N Negative (Sign Bit) • 

Z Zero ? 



Carry Borrow 

Test and Set if True. Cleared Otherwise 
Not Affected 

Load CC Register From Stack 
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Table 1 1 Operation Code Map 





Bit Manipulation 


Branch 


Read/Modify /Write 


Control 


Register/Memory 


— 1 


Test & 
Branch 


Set/ 
Clear 


Rel 


DIR 


A 


X 


.XI 


,xo 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


.XI 


.xo 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 





BRSETO 


BSETO 


BRA 


NEG 


RTI* 




SUB 





1 


BRCLRO 


BCLRO 


BRN 




RTS* 




CMP 


1 


2 


BRSET1 


BSET1 


BHI 








SBC 


2 


3 


BRCLR1 


BCLR1 


BLS 


COM 


SWI* 




CPX 


3 


4 


BRSET2 


BSET2 


BCC 


LSR 






AND 


4 


5 


BRCLR2 


BCLR2 


BCS 








BIT 


5 


6 


BRSET3 


BSET3 


BNE 


ROR 






LDA 


6 


7 


BRCLR3 


BCLR3 


BEQ 


ASR 




TAX* 


-- 1 STA |STA(+1) 


7 


8 


BRSET4 


BSET4 


BHCC 


LSL/ASL 




CLC 


EOR 


8 


9 


BRCLR4 


BCLR4 


BHCS 


ROL 




SEC 


ADC 


9 


A 


BRSET5 


BSET5 


BPL 


DEC 




CLI* 


ORA 


A 


B 


BRCLR5 


BCLR5 


BMI 






SEI* 


ADD 


B 


C 


BRSET6 


BSET6 


BMC 


INC 




RSP- 




JMP(-I) 


C 


D 


BRCLR6 


BCLR6 


BMS 


TST(-1)| TST 1 TST(-I) 


DAA* 


NOP 


BSR- 


JSR(-l-2) 1 JSR(+1) |JSR|+2) 


D 


E 


BRSET7 


BSET7 


BIL 




STOP- 




LDX 


E 


F 


BRCLR7 


BCLR7 


6IH 


CLR 


WAIT* 


TXA- 




STX 


STX(+1) 


F 




3/5 


2/5 


2/3 


2 '5 1 2 1/2 1 2/6 1 1/5 


1/* 


1/1 


2/2 


2/3 1 3/4 1 3/5 1 2/4 


1/3 





-HIGH 



L 

W 



(NOTES) 1 "— " IS an undefined operation code 

2 The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles) 
The number of cycles for the mnemonics asterisked (*) is a follows 

RTI = 8 DAA = 2 TAX = 2 BSR = 5 

RTS = 5 STOP = 4 RSP = 2 CLI = 2 

SWI = 10 WAIT = 4 TXA = 2 SEI = 2 

3. The parenthesized numbers must be added to the cycle count of the particular instruction 

• Additional Instructions 

The following new instructions are used on the HD6305X. 
DAA Converts the contents of the accumulator into BCD code. 
WAIT Causes the MCU to enter the wait mode. For this mode, 

see the topic, Wait Mode. 
STOP Causes the MCU to enter the stop mode. For this mode, 

see the topic, Stop Mode. 



While read/modify /write instructions are executed in the follow- 
ing sequence. 



(i) 
(li) 
(iii) 



B PRECAUTION 1— BOARD DESIGN OF 
OSCILLATION CIRCUIT 

When connecting crystal and ceramic resonator with the XTAL 
and EXTAL pms to oscillate, observe the following in designing 
the board. 

( 1 ) Locate crystal , ceramic resonator, and load capacity C j and C2 
as near the LSI as possible. (Induction of noise from outside to 
the XTAL and EXTAL pins may cause trouble in oscillation.) 

(2) Wire the signal lines to the neighbouring XTAL and EXTAL 
pins as far apart as possible. 

(3) Board design of situating signal lines or power supply lines near 
the oscillator circuit as shown in Fig. 40, should not be used 
because of trouble in oscillation in induction. The resistor be- 
tween the XTAL and EXTAL, and pins close to them should be 
lOM 12 or more. 

■ PRECAUTION 2— PROGRAM OF WRITE ONLY REGISTER 

Read/Modify /Write instructions are unavailable for changing the 
contents of Write Only Register (e.g. DDR; Data Direction Register 
of I/O port) of HD6305X, HD6305Y and HD63P05Y. 
(1) Data cannot be read from write only register, (e.g. DDR of 
1/0 port) 



Reads the contents from appointed address. 
Changes the data which has been read. 
Turn the data back to the original address. 
Thus, read/modify /write instructions cannot be applied to 
write only register such as DDR. 

(2) For the same reason , do not set DDR of I/O port using BSET and 
BCLR instructions. 

(3) Stored instructions (e.g. STA and STX, etc.) are available for 
writing into the write only register. 

■ PRECAUTION 3— SENDING/RECEIVING PROGRAM OF 
SERIAL DATA 

Be careful that malfunction may occur if SDR (SERIAL DATA 
REGISTER: $0012) is read or written during transmitting or receiv- 
ing serial data. 

■ PRECAUTION 4— WAIT/STOP INSTRUCTIONS PROGRAM 

When I bit of condition code register is "1" and an interrupt 
(INT2, TIMER/INT 2) is held, the MCU does not enter into WAID 
mode by executing the WAIT instruction. 

In that case, after the 4 dummy cycles, the MCU executes the next 
instruction. 

In the same way, when external interrupts (INT, INT2) are held at 
the bit I set, the MCU does not enter into the STOP mode by execut- 
ing STOP instruction. In that case the MCU executes the next in- 
struction after the 4 dummy cycles. 
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XTAL 
EXTAL 



HD6305X 
HD6305Y 
HD63P05Y 



C2 ^ 



Figure 39 Design of Oscillation Circuit Board 



XTAL 
EXTAL 



HD6305X 
HD6305Y 
HD63P05Y 



60 00 
•H -r) 



CI 

C3 



■ Signal C 



1 



■ PRECAUTION TO USE BSR 

If there is 2nd BSR programmed on the address which is directed 
by first BSR, 2nd BSR may not be executed correctly For this 
reason, BSR should not be programmed on the address which is 
directed by first BSR. 

If necessary, please program as following. 

(1) On the address which first BSR directed, NOP instruction 
should be inserted before second BSR. 

(2) On the address which first BSR directed, JSR instruction should 
be programmed instead of 2nd BSR. 

BSR LBL1 — I 



I 

BSR 



LBL2 

LBL3 

example of malfunction 
of 2nd BSR execution 



LBL1 NOP 

BSR 

I 
I 
I 



Figure 40 Example of Circuit Causing Trouble in Oscillation 



example of counter measure 
(NOP IS inserted) 



■ PRECAUTION WHEN USING BIL/BIH INSTRUCTION 

(1) Execute Instruction after the INT Voltage level has stabilized 
above Vj^ or below Vjl. 

(2) INT voltage level needs to be stabilized while BIL/BIH Instruc- 
tion Execution. 

There may be a malfunction by glitch on control signal if 
BIL/BIH Instruction Execution has exercized in unstablized INT 
signal level. 



BSR LBLl ■ 



I 

JSR 



LBL2::^ 



example of counter measure 
(JSR IS used instead of BSR) 



^BIUBIH> [] < BIL/BIH > -{] 



\ 



f 



Avoid BIL/BIH Instruction Execution 
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CMOS MCU (Microcomputer Unit) 



The HD6305 Y2 is a CMOS 8-bit single chip microcomputer. A 
CPU, a clock generator, a 256 byte RAM, I/O terminals, two 
timers and a serial communication interface (SCI) are built in the 
HD6305Y2. Its memory space is expandable to 16k bytes exter- 
nally. 

The HD6305Y2 has the same function as the HD6305Y2's 
except for the number of I/O terminals. The HD6305Y2 is a 
microcomputer unit which includes no ROM and its memory 
space is expandable to 16k bytes externally 

■ HARDWARE FEATURES 

• 8-bit based MCU 

• 256-bytes of RAM 

• A total of 31 terminals, including 24 l/O's, 7 inputs 

• Two timers 

— 8-bit timer with a 7-bit prescaler (programmable prescaler, 
event counter) 

— 15-bit timer (commonly used with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 

• Six interrupts (two external, two timer, one serial and one 
software) 

• Low power dissipation modes 

— Wait In this mode, the clock oscillator is on and the 

CPU halts but the timer/serial/interrupt func- 
tion is operable. 

— Stop In this mode, the clock stops but the RAM data, 

I/O status and registers are held. 

— Standby . . In this mode, the clock stops, the RAM data is 

held, and the other internal condition is reset. 

• Minimum instruction cycle time 
— HD6305Y2. . .1 /iS (f = 1 MHz) 

— HD63A05Y2. . .0.67 fis (f = 1.5 MHz) 
— HD63B05Y2. . .0.5 (f = 2 MHz) 

• Wide operating range 

Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 
— HD6305Y2 . . f = 0.1 to 1 MHz (Vcc = 5V±10%) 
— HD63A05Y2. f = 0.1 to 1.5 MHz (Vcc = 5V±100/o) 
— HD63B05Y2 . f = 0.1 to 2 MHz (Vcc = 5V ± 10%) 




(DP-64S) 



HD6305Y2F, HD63A05Y2F, 
HD63B05Y2F 




(FP-64) 



■ SOFTWARE FEATURES 

• Similar to HD6800 

• Byte efficient instruction set 

• Powerful bit manipulation instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for 192 byte RAM bits within page 
and I/O terminals) 

• A variety of interrupt operations 

• Index addressing mode useful for table processing 

• A variety of conditional branch instructions 

• Ten powerful addressing modes 

• All addressing modes adaptable to RAM, and I/O instructions 

• Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 



■ PROGRAM DEVELOPMENT SUPPORT TOOLS 

• Cross assembler software for use with IBM PCs and compati- 
bles 

• In circuit emulator for use with IBM PCs and compatibles 
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I PIN ARRANGEMENT 
• HD6305Y2P, HD63A05Y2P, HD63B05Y2P 



• HD6305Y2F, HD63A05Y2F, HD63B05Y2F 



VssQ 

RESC2 
INTO 
STBVQ 
XTAL □ 

extalGB 

NUM □ 
TIMER □ 

A, COD 

A.E 
A4Q2 

A,oa 



B.QI 

BiOB 
B4CB 

BiO 

b,b; 

BoE 

Ct/Tm 
C«/Rk 
C,/CK 
C4 

c, 



B DATAo 

□ DATA , 

□ DATA 2 
ES DATA 3 
D DATA 4 

DATAt 
DATA* 
Q DATAt 
E 

R/W 
9 ADR,] 
ADR.i 
ADR 1 1 
ADR to 
a ADR. 
ADR* 
ADR, 
iZ ADR* 
g ADR* 
Q ADR4 
a ADR, 
g ADR, 
g ADR, 
g AORo 
ffl Ot 

32 D4 



Bavcc 



<<<<<< 



< < < < < 



0000 



timerQj 
a,q: 

A.[T 
AsE 

A4CI 

A3[I 

A. U 

Aod 

B, Qo 

B*[TT 

B^m 

B,[M 
Bj(T5 
B.Qi 

s.QI 

Ct/TxOX 
C6/Rx(]9 



BIBllBIBIBEiaiaiBIBIBIB 



MiipMIpppppil 

looooooudtS QcSot 



IT] DATA* 
»]DATA7 

iO^DR,, 
!3aDRu 

ZEadr,, 
<3adr.o 

^ADR, 

ZDadr, 
TTJadr, 

"iolADRt 
avjADRs 
381ADR4 
£]aDR, 

saJadr, 

35]aDR, 

HIadro 



(Top View) 



(Top View) 



« BLOCK DIAGRAM 



1 



TtMER-» 


Prescaler 


Timer/ 


7 


8 Counter 




Timer Control 



Port A 
I/O 

Terminals 



Port B 
I/O 

Terminals 



Port C 
I/O 

Terminals 



II 



II 



C- — 



C»/CK - 
C«/R» - 

C/T. - 



II 



(5.2 



o ? 

'A 

0.9 



Serial 
Data 
Register 


Serial 
Control 
Register 


Serial 
Sutus 
Register 



Accumulator 
8 A 






Index 
g Register ^ 




CPU 
Control 


Condition Code 






Register 

5 CC 


CPU 




Stack 




S Pointer 






Program 
Counter 
6 "High" pcH 




ALU 


Program 
Counter 
8 "Low" PCL 







Miscella- 
neous 
Register 





£ 






Port 
Regisi 











- o, 

- 0./iNT, 

- o» 

Port 



7872X8 
ROM 



256X8 
RAM 



• No internal ROM in HD6305Y2 



' ADR,] 

- ADR,, 

- AOR,, 

- ADR.o 

- AOR, 

- ADR, 

- ADR, 

- AOR, 

- AOR, 

- AOR4 
-AOR, 

- ADRi 

- AOR, 
"AORo 



- DATA, 
-DATA, 
~ DATA, 
-OATA4 

- DATA, 

- DATA, 
' DATA, 
" DATA* 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3- +7.0 


V 


Input Voltage 


V.n 


-0.3 - Vcc + 0.3 


V 


Operating Temperature 


^opr 


0-+70 




Storage Temperature 


^stg 


-55- +150 





[NOTE] Theje product! have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
operation, we recommended Vin, Vouf* ^ss S <^in O"" Vqut) S ^CC- 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc = 5.0V±10%, Vjs = 6ND, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




RES, STB Y 






Vcc-0.5 




Vcc +0.3 




Input "High" Voltage 


EXTAL 


V,H 




VccxO.7 




Vcc +0.3 


V 




Other Inputs 






2.0 




Vcc+0.3 




Input "Low" Voltage 


All Inputs 


V,L 




-0.3 




0.8 


V 


Output "High" Voltage 


All Outputs 


VOH 


loH = -200/iA 


2.4 






V 


Ioh = -10mA 


Vcc-0.7 






Output "Low" Voltage 


All Outputs 


Vol 


loL = 1.6mA 






0.55 


V 


Input Leakage Current 


TIMER, INT, 
D, ~D7,STBY 


Hil! 








1.0 




Three-state Current 


Ao ~ A7, Bo ~ B7. 

Co ~C7, ADRo ~ ADR13*, 

DATAo- DATA7,E*,R/W* 


HtsiI 


Vin = 0.5~ Vcc-0.5 






1.0 


ma 




Operating 








5 


10 


mA 


Current Dissipation** 


Wait 


'cc 


f = 1MHz*** 




2 


5 


mA 


Stop 




2 


10 


AtA 




Standby 








2 


10 


/iA 


Input Capacitance 


All Terminals 


Cin 


f = 1MHz, Vin = OV 






12 


pF 



• Only at standby 

** All output and RES terminal are open, and penetrate current of input are not included. (V|j^ mm = V^^ - I.OV, Vj^ max = 0.8V) 
••• The value at f = xMHz is given by using 
Ice (f =xMHz) = Ice IMHz) XX 



• AC CHARACTERISTICS (Vcc = 5.0V±10%, Vss = GND, Ta = - +70°C, unless otherwise noted.) 



Item 


Symbol 


Test 


HD6305Y2 


HD63A05Y2 


HD63B05Y2 


Unit 


Condition 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


tcyc 




1 




10 


0.666 




10 


0.5 




10 


/iS 


Enable Rise Time 










20 






20 






20 


ns 


Enable Fall Time 


tEf 








20 






20 






20 


ns 


Enable Pulse Width("High" Level) 


PWeh 




450 






300 






220 






ns 


Enable Pulse Width("Low" Level) 


PWel 




450 






300 






220 






ns 


Address Delay Time 


^AD 


Fig. 1 






250 






190 






180 


ns 


Address Hold Time 


tAH 




40 






30 






20 






ns 


Data Delay Time 


tow 








200 






160 






120 


ns 


Data Hold Time (Write) 


^HW 




40 






30 






20 






ns 


Data Set-up Time (Read) 


toSR 




80 






60 






50 






ns 


Data Hold Time (Read) 



























ns 
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• PORT TIMING (Vcc = 5.0V+10%, Vss = GND, Ta - ~ +70°C, unlets otherwise noted.) 



Item 


Symbol 


Test 


HD6305Y2 


HD63A05Y2 


HD63B05Y2 


Unit 


Condition 


min 


typ 


max 


mm 


typ 


max 


mm 


typ 


max 


Port Data Set-up Time 
(Port A, B,C. 


tpDS 


Fig. 2 


200 






200 






200 






ns 


Port Data Hold Time 
(Port A, B.C, D) 


- 

tPDH 


200 






200 






200 






ns 


Port Data Delay Time 
(Port A, B,C) 


tpDW 


Fig. 3 






300 






300 






300 


ns 



• CONTROL SIGNAL TIMING (Vcc = 5.0V ±10%, Vss = GND, Ta = - +70° C, unless otherwise noted.) 



Item 


Symbol 


Test 


HD6305Y2 


HD63A05Y2 


HD63B05Y2 


Unit 


Condition 


min 


typ 


max 


mm 


typ 


max 


min 


typ 


max 


TNTPulse Width 


t|WL 




tcyc 

+250 






tcyc 

+200 






tcyc 
+200 






ns 


\Nf^ Pulse Width 


t|WL2 




tcyc 

+250 






tcyc 

+200 






tcyc 

+200 






ns 


RES Pulse Width 


^RWL 




5 






5 






5 






tcyc 


Control Set-up Time 


tcs 


Fig 5 


250 






250 






250 






ns 


Timer Pulse Width 






tcyc 

+250 






tcyc 

+200 






tcyc 

+200 






ns 


Oscillation Start Time (Crystal) 


tc 3C 


Fig 5,Fig 20* 






20 






20 






20 


ms 


Reset Delay Time 




Fig. 19 


80 






80 






80 






ms 



* Cl = 22pF ±20%, Rs = 60n max. 



• SCi TIMING (Vcc = 5.0V±10%, Vss= GND, Ta = ~ +70°C, unless otherwise noted.) 



Item 


Symbol 


Test 


HD6305Y2 


HD63A05Y2 


HD63B05Y2 


Unit 


Condition 


mm 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Clock Cycle 


tScyc 




1 




32768 


0.67 




21845 


0.5 




16384 


/US 


Data Output Delay Time 


tjXD 


Fig. 6, 






250 






250 






250 


ns 


Data Set-up Time 


tSRX 


Fig. 7 


200 






200 






200 






ns 


Data Hold Time 


tHRX 




100 






100 






100 






ns 
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-PWa 



IT 



-tAD- 



Ao~Ai3 
R/W 



! 4V 
) 6V 



-PWeh- 



-tEr 



Address Valid 



-tow'- 



MCU Write 
DATAo ~ DATA7 



MCU Read 

DATAo ~ DATA 7 



Data 
6V Val'd 



-toSR- 



*-tEf 



-tAH 



X 



~tHW 



> 



C2 OV 
Data Valid V 
8V 



Figure 1 Bus Timing 



2 4V 
6V 



Port 
A.BX.D 



tPDS 



"^'2 0V Data-'/ 
-fi^O 8V Valid -i \ 



\ 



Vo 6V f 



-tpDW- 



Port 
A,B,C 



2 4V Data 
■0 6V Valid 



Figure 2 Port Data Set-up and Hold Times 
(MCU Read) 



Figure 3 Port Data Delay Time {MCU Write) 



Interrupt 
Test 



Address 
Bus 



INT,INT2 
Data Bus 



jTJiii_riJ~LruTJi_rijnjTj~^^ 



X 


X 




X X 


.X ., --X X— X. X,. .X ._.jc«. 


X 






Code Op Code ifff 
dress Address + 1 


SP SP- 


1 SP-2 SP-3 SP-4 Vector Vector New PC 
MSB LSB Address 






/ 


PCo~ 


Address Address 










PC7 






X 


X 


IXZXZ 


X X 


DCZXZXIDCIXZXZX: 


X 



Op Operand irrelevant pQe ~ IX ACC CC Vector Vector f^f^x |nst of 

Code Op Code Data _^ MSB LSB . 

PC 13 Address Address Interrupt Routine 



R/W 



F igure 4 I nterrupt Sequence 
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SSV- 



LjarLrui_n_n_rLP — M»_rirL 



Vcc 4 5V;?^ 



STBY _^^Vcc-0 5V 



RES 



Address 
Bus 



7^Vcc-0 5V 



SMcxixzxzxinxiDO- 

1FFF IFFF 1FFF IFFF 1FFE 1FFF New PC 



\ „ TTVcc-OSV 




Clock Output 
C5/CK 



Data Output 
C7/TX 



Data input 
Ce/Rx 



Figure5 Reset Timing 

tscyc 



6V 



6v / ^ ^0 6V / 



4V 
6V 



^SRX 



X 



^HRX 



-2 0V 
r0 8V 



Q8vA 



Figures SCI Timing (Internal Clock) 



Clock Input 
Cs/CK 



Data Output 
C7/TX 



Data Input 
Ce/Rx 



^Scyc 



^ ^0 8V 8v/ 



)2 



4V 
6V 



tSRX. 



/2 OV 



-t08V 



I 



tHRX 



2 OV 
8V 



2 0V^/ 
8V A 



Figure? SCI Timing(External Clock) 



/ 
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TTL Load 
(Port) 
Test point 
terminal 



loL=1 6mA 




90pF e12kQ 



[NOTES] 1. The load capacitance includes stray capacitance caused 
by the probe, etc. 
2. Ail diodes are 1S2074 (H) 

Figure 8 Test Load 



■ DESCRIPTION OF TERMINAL FUNCTIONS 

The input and output signals of the MCU are described 
here. 

•Vcc. Vss 

Voltage is applied to the MCU through these two terminals. 
Vcc is 5.0V ± 10%, while Vss Is grounded. 

• iNT,INT2 

External interrupt request inputs to the MCU. For details, 
refer to "INTERRUPT". The INTj terminal is also used as 
the port Dft terminal. 

• XTAL, EXTAL 

These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to "INTERNAL 
OSCILLATOR" for using these input terminals. 

• TIMER 

This is an input terminal for event counter. Refer to 
"TIMER" for details. 

• RES 

Used to reset the MCU. Refer to "RESET" for details. 

• NUM 

This terminal is not for user application. In case of the 
HD6305YI, this terminal should be connected to Vcc 
through 10kJ2 resistance. In case of the HD6305Y2, this 
terminal should be connected to Vss • 

• Enable (E) 

This output terminal supplies E clock. Output is a single- 
phase, TTL compatible and 1/4 crystal oscillation frequency 
or 1/4 external clock frequency. It can drive one TTL load 
and a 90pF condenser. 

• RMKi/Write(R/W) 

This TTL compatible output signal indicates to peripheral 
and memory devices whether MCU is in Read ("High"), or 
in Write ("Low"). The normal standby state is Read ("High"). 
Its output can drive one TTL load and a 90pF condenser. 



• Data Bus (DATAq - DATA7) 

This TTL compatible three-state buffer can drive one TTL 
load and 90pF. 

• Address Bus (ADRo ADR 13) 

Each terminal is TTL compatible and can drive one TTL 
load and 90pF. 

• Input/Output Terminals (Ao ~ A?, Bo ~ B?, Co ~ C7) 

These 24 terminals consist of three 8-bit I/O ports (A, B, C). 
Each of them can be used as an input or output terminal on 
a bit through program control of the data direction register. 
For details, refer to "I/O PORTS." 

• Input Terminals (Di ^ D?) 

These seven input-only terminals are TTL or CM OS com- 
patible. Of the po rt D's , De is also used as INT2 . If D6 is 
used as a port, the INT2 interrupt mask bit of the miscellane- 
ous register must be set to "I" to prevent an INT2 interrupt 
from being accidentally accepted. 

• STBY 

This termi nal is used to place the MCU into the standby 
mode. With STBY at "Low" level, the oscillation stops and 
the internal condition is reset. For details, refer to "Stand- 
by Mode." 

The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports Cs , Cfi and C7 . For details, refei to "SERIAL COM- 
MUNICATION INTERFACE." 

• CK (Cs) 

Used to input or output clocks for serial operation. 

• Rx (06) 

Used to receive serial data. 

• Tx (07) 

Used to transmit serial data. 



■MEMORY MAP 

The memory map of the MCU is shown in Fig. 9. $0140 ~ 
$1FFF of the HD6305Y2 are external addresses. However, 
care should be taken to assign vector addresses to $1FF6 ~ 
$1FFF. During interrupt processing, the contents of the CPU 
registers are saved into the stack in the sequence shown in 
Fig. 10. This saving begins with the lower byte (PCL) of the 
program counter. Then the value of the stack pointer is 
decremented and the higher byte (PCH) of the program 
counter, index register (X), accumulator (A) and condition 
code register (CC) are stacked in that order. In a subroutine 
call, only the contents of the program counter (PCH and PCL) 
are stacked. 
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63 
64 



255 
256 



319 
320 



8182 

8191 
8192 



16383 



I/O Ports 
Timer 
SCI 



RAM 

{192Bytes) 
Stack 



RAM 

(64Bytes) 



ROM* 
(7,872Bytes) 



Interrupt • 

Vectors 



External 
Memory Space 



$0000 



U 


rUn 1 A 


$00 


1 


PORT 8 


$01 


o 


PORT C 


$02 


o 


PORT D 


$03' 


4 


PORT A DDR 


$04- 


5 


PORT B DDR 


$05* 


6 


PORT C DDR 


$06* 




Not Used 




8 


Timer Data Reg 


$08 




Timer CTRL Reg 


$09 


1 


Misc Reg 


$0A 




Not Used 




1 ft 


bLI C 1 nL Reg 


c 1 n 
!t> 1 U 




SCI STS Reg 


$1 1 


v 


SCI Data Reg 


$12 


31 


Not Used 


$1F 


32 


External 


$20 


63\ 


Memory Space 


$3F 



$3FFF 



• Write only register 
Read only register 



• ROM area ($0140 ~ $1 FFF) in the HD6305Y2 

IS changed into External Memory Space 



Figure 9 Memory Map of MCU 



7 6 5 4 3 2 1 



n-4 
n-3 
n-2 
n-1 
n 



1 1 1 



Condition 
Code Register 



Accumulator 



Index Register 



PCH* 



PCL* 



n+'1 
n + 2 
n + 3 
n + 4 
n + 5 



* In a subroutine call, only PCL and PCH are stacked 
Figure 10 Sequence of Interrupt Stacking 



■ REGISTERS 

There are five registers which the programmer can operate. 



Accumulator 







■J Index 



13 



1 PC 


13 










6 5 





o|o 


olo 





1 


l| SP 



Register 

Program 
Counter 



Stack 
Pointer 



1 Condition 



h| I I n| zlclCode 
' ' ' ' ''■'[ ' Register 

I Carry/ 



Carry/ 
Borrow 
-Zero 

-Negative 

-Interrupt 

Mask 
-Half 

Carry 



Figure 11 Programming Model 



• Accumulator (A) 

This accumulator is an ordinary 8 -bit register which holds 
operands or the result of arithmetic operation or data process- 
ing. 

• Index Register (X) 

The index register is an 8-bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 

• Program Counter (PC) 

The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 

• Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address $OOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 00000011. During the MCU 
being reset or during a reset stack pointer (RSP) instruction, 
the pointer is set to address $OOFF. Since a subroutine or 
interrupt can use space up to address $00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 



• Condition Code Register (CO 

The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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Interrupt (I): 



tions. The CC bits are as follows: 

Half Carry (H)- Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 

Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 
Used to indicate that the result of the most 
recent anthmetic operation, logical operation 
or data processing is negative (bit 7 is logic 
"1"). 

Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Represents a carry or borrow, that occurred 
m the most recent arithmetic operation. This 
bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 



Negative (N): 



Zero (Z) 



Carry/ 
Borrow (C): 



Of these six interrupts, the INT2 and TIMER or the SCI 
and TIMER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
IS obtained from a particular interrupt vector address. Then 
the mterrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 

Table 1 Priority of Interrupts 



■ INTERRUPT 

Ther e are si x dif ferent types of interrupt: external inter- 
rupts (INT, INT2), internal timer interrupts (TIMER, 
TIMER2), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 



Interrupt 


Priority 


Vector Address 


RES 


1 


$1FFE, 


$1FFF 


SWI 


2 


$1FFC, 


$1FFD 


INT 


3 


$1FFA, 


$1FFB 


TIMER/INT2 


4 


$1FF8, 


$1FF9 


SCI/TIMER2 


5 


$1FF6. 


$1FF7 



A flowchart of the mterrupt sequence is shown in Fig. 12. 
A block diagram of the interrupt request source is shown in 
Fig. 13. 



^ Reset ^ 



1-1 

$FF-SP 
DDR's 
CLR iNT Logic 
$FF -TDR 

$7F— Timer Prescaler 
$50 -ICR 
$3F-SSR 
$00-SCR 
$7F-MR 



Load PC From 
Reset $1FFE, $1FFF 





I Bit 



Fetch 
Instruction 




SWI 




Stack 

PC, X, A, CC 




^cLr 

SEI 



1 -I Bit 



Execute 




Execute 


Instruction 




Instruction 



SWI S\ffC $1FF0 
INT SIFFA $1FFB 
TIMER $1FF8 $1FF9 
iNtj$1FF8$1FF9 
SCI $1FF6 $1FF7 
TIMERj $1FF6 $1FF7 



Figure 12 Interrupt Flow Chart 
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In the block diagram, both the external interrupts INT and 
INT2 are edge trigger inputs. At the faUing edge of each input, 
an interrupt request is generated and latched. The INT inter- 
rupt req uest is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if "0" is written in bit 7 of the miscell aneous register. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMER2) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the 1 bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to t he pn ority. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER2 interrupt by 
setting bit 4 of the serial status register. 

The status of the INT terminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testin g by t hese instruc- 
tions. This is also true with the status of the INT2 terminal. 

• Miscellaneous Register (MR;$OOOA) 

The interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1 . For this reason, a special register called the miscel- 
laneous register (MR, $000A) is avaUable to control the 
INT2 interrupts. 



Bit 7 of this register is the INT2 int errup t request flag. 
When the falling edge is detected at the INT2 terminal, "1" 
is set in bit 7. Then the software in the interrupt routine 
(v ector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 



Miscellaneous Register (MR;$OOOA) 



7 6 5 4 3 210 



MR7 



■ INT2 Interrupt Mask 
INT2 Interrupt Request Flag 



Bit 6 I S the iNT2 interrupt mask bit. If this bit is set to "1", 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but "1" cannot be written in this bit by 
software. This means that an interrupt request by software 
IS impossible. 

When reset, bit 7 is cleared to "0" and bit 6 is set to "1". 
■ TIMER 

Figure 14 shows a MCU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 



Vectoring generated 
$1FFA,$1FFB 



BIH/BIL Test 



Condition Code Register (CO 

r 



Falling Edge Detector 



INTI ^— 





1 t>0-a 







Interrupt Control 
Circuit 




Vectoring generated 
$1FF6, $1FF7 



SCI 



Figure 13 Interrupt Request Generation Circuitry 
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register (TDR) becomes "0", the tinier interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the CPU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
$1FF8 and $1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the mput to the 
timer input termmal. 

Once the timer count has reached "0", it starts counting 
down with "$FF". The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MCU is reset, both the prescaler and counter are 
initialized to logic "1". The timer interrupt request bit 
(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) IS set. 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write "0" in that bit. 



TCR7 


Timer mterrupt request 





Absent 


1 


Present 




TCR6 


Timer interrupt mask 





Enabled 


1 


Disabled 



• Timer Control Register (TCR; $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 

Timer Control Register (TCR; $0009) 
7 6 5 4 3 2 1 



TCR7 


TCR6 


TCR5 


TCR4 


TCR3 


TCR2 


TORI 


TCRO 



^ Prescaler division ratio selection 

I Prescaler initialize 

' Clock input source 

Tinner interrupt nnask 

I Timer interrupt request 

After reset, the TCR is initialized to "E under timer termi- 
nal control" (bit 5 = 0, bit 4 = 1). If the timer terminal is 
"1", the counter starts counting down with "$FF" immediate- 
ly after reset. 

When "1" is written in bit 3, the prescaler is initialized. 
This bit always shows "0" when read. 

Table 2 Clock Source Selection 



Clock input source 



Bit 5 


Bit 4 










Internal clock E 





1 


E under timer terminal control 


1 





No clock input (counting stopped) 


1 


1 


Event input from timer terminal 



(Internal 
Clock) 
E 



TIMER 

input 

Terminal 















-4 


-8 


16 


32 


64 





Multiplexer 



Timer Data 
Register (TDR,$0008) 



Clock Input 



8-Bit Counter 



Timer Control 
Register 

(TCR,$0009) 



TCR2 



TCRl 



Timer Interrupt 



Write Read 

Figure 14 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios; -5-1, -r2, 44, 
-J-8, 416, 432, 464 and 4128. After reset, the TCR is set to the 
41 mode. 

Table 3 Prescaler Division Ratio Selection 



TCR 


Prescaler division ratio 


Bit 2 


Bit 1 


BitO 











-rl 








1 


42 





1 





44 





1 


1 


48 


1 








4-16 


1 





1 


432 


1 


1 





464 


1 


1 


1 


4128 



A timer interrupt is enabled when the timer interrupt mask 
bit is "0", and disabled when the bit is "1". When a timer 
interrupt occurs, "1" is set in the timer interrupt request bit. 
This bit can be cleared by writing "0" in that bit. 

■ SERIAL COMMUNICATION INTERFACE (SCI) 

This mterface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in th^ range 
from 1 fjis to approx. 32 ms (for oscillation at 4 MHz). 
The SCI consists of three registers, one octal counter and 
one prescaler. (See Fig. 15.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 

•SCI Control Register (SCR; $0010) 
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4 


3 


2 


1 





SCR7 


SCR6 


SCR5 


SCR4 


SCR3 


SCR2 


SCR1 


SCRO 



CsiCK) 



C6(Rx) 



C7(Tx) 



SCI Control Registers (SCR; $0010) 



SCR7 


SCR6 


SCR5 


SCR4 


SCR3 


SCR2 


SCR1 


SCRO 



SCI Data Registers 
(SDR: $0012) 



5Z 



MSB 



4. 3 



Octal 
Counter 



LSB 



Multi- 


Pre- 


plexer 


scaler 



Transfer 

Clock 

Generator 



Initialize 



SSR7 


SSR6 


SSR5 


SSR4 


SSR3 


X 


X 


X 



SCI Status Registers 
(SSR:$0011) 




SCI/TIMER2 



Figure 15 SCI Block Diagram 
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SCR7 


C7 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data output (DDR output) 




SCR6 


C6 terminal 





Used as I/O terminal (by DDR). 


1 


Serial data input (DDR input) 



SCR5 


SCR4 


Clock source 


C5 terminal 










Used as i/0 terminal (by 





1 




DDR). 


1 





Internal 


Clock output (DDR output) 


1 


1 


External 


Clock input (DDR input) 



Bit 7 (SCR7) 

When this bit is set, the DDR corresponding to the C7 
becomes "1" and this terminal serves for output of SCI data. 
After reset, the bit is cleared to "0". 

Bit 6 (SCR6) 

When this bit is set, the DDR corresponding to the d 
becomes "0*' and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 

Bits5and4(SCR5.SCR4) 

These bits are used to select a clock source. After reset, 
the bits are cleared to "0". 



Bits 3- 0(SCR3-SCR0) 

These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to "0". 



SCR3 


SCR2 


SCR1 


SCRO 


Transfer clock rate 


4.00 MHz 


4.194 MHz 














IMS 


0.95 /is 











1 


2 ns 


1.91 /is 








1 





4 JUS 


3.82 /is 




i 




/ 


1 

I 


1 

i 


8 /us 


7.64 /us 


1 


1 


1 


1 


32768 Ats 


1/32 s 



•SCI Data Register (SDR; $0012) 

A serial-parallel conversion register that is used for transfer 
of data. 

•SCI Status Register (SSR; $0011) 



7 6 5 4 3 2 10 



SSR7 


SSR6 


SSR5 


SSR4 


SSR3 


X 


X 


X 



Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5="r'. The bit can also be 
cleared by writing "0" in it. 

Bit 6 (SSR6) 

Bit 6 is the TIMER2 interrupt request bit. TIMER2 is used 
commonly with the serial clock generator, and SSR6 is set 
each time the internal transfer clock falls. When reset, the 
bit is cleared. It also be cleared by writing "0" in it. (For 
details, see TIMER2 .) 

Bit 5 (SSR5) 

Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When it is "1", the SCI interrupt (SSR7) 
is masked. When reset, it is set to "1" 

Bit 4 (SSR4) 

Bit 4 is the TIMERj interrupt mask bit which can be set 
or cleared by software. When the bit is "1", the TIMER2 
interrupt (SSR6) is masked. When reset, it is set to "1". 

Bit 3 (SSR3) 

When "1" is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is "0". 



Bits 2-0 
Not used. 



SSR7 


SCI interrupt request 





Absent 


1 


Present 




SSR6 


TIMER2 interrupt request 





Absent 


1 


Present 




SSR5 


SCI mterrupt mask 





Enabled 


1 


Disabled 




SSR4 


TIMER2 interrupt mask 





Enabled 


1 


Disabled 



• Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C7/TX 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 16.) When 8 bit of 



HITACHI 

2 1 4 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD6305Y2, HD63A05Y2, HD63B05Y2 



data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the Ct/Tx terminal. If an external clock 
source has been selected, the transfer rate determined by 
bits ~ 3 of the SCI control register is ignored, and the Cs/ 
CK terminal is set as input. If the internal clock has been, 
selected, the Cs/CK terminal is set as output and clocks are 
output at the transfer rate selected by bits ~ 3 of the SCI 
control register. 

Send Clock (C»/CRl 1 I 1 I-— 1 f—i I 1 r— 1 r—t | 1 i 



Figure 16 SCI Timing Chart 

• Data Reception 

By writing the desired control bits mto the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading subsequent received data. It must be taken 
after reset and after not reading subsequent received data.) 

The data from the C^/Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits ~ 3 of the SCI 
control register is ignored and the data is received synchro- 
nously with the clock from the Cs/CK terminal. If the internal 
clock has been selected, the Cs/CR terminal is set as output 
and clocks are output at the transfer rate selected by bits ^ 
3 of the SCI control register. 

• TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 of the SCI control register 
(4 /us approx, 32 ms (for oscillation at 4 MHz)) is input to 
bit 6 of the SCI status register and the TIMER2 interrupt 
request bit is set at each falling edge of the clock. Since inter- 
rupt requests occur periodically, TIMER2 can be used as a 
reload counter or clock. 

^(D 0(D 

■■■■■■l_J LJ L 



: Transfer clock generator ii reset and mask bit (bit 4 

of SCI status register) is cleared. 
CS[),0 :TIMER2 interrupt request 
(D,(S) : TIMER) interrupt request bit cleared 



TIMER2 is commonly used with the SCI transfer clock 
generator. If wanting to use TIMER2 independently of the 
SCI, specify "External" (SCR5 = 1, SCR4 = 1) as the SCI 
clock source. 

If "Internal" is selected as the clock source, reading or 
writing the SDR causes the prescaler of the transfer clock 
generator to be initialized. 

■ I/O PORTS 

There are 24 input/output terminals (ports A, B, C). Each 
I/O terminal can be selected for either input or output by the 
data direction register. More specifically, an I/O port will 
be input if "0" is written m the data direction register, and 
output if "1" is written in the data direction register. Port A, 
B or C reads latched data if it has been programmed as output, 
even with the output level being fluctuated by the output 
load. (See Fig. 17.) 

When reset, the data direction register and data register go 
to "0" and all the input/output terminals are used as input 




Bit of data 
direction 
register 


Bit of 
output 
data 


Status of 
output 


Input to 
CPU 


1 











1 


1 


1 


1 





X 


3-state 


Pm 



Figure 17 Input/Output Port Diagram 



Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals and input terminals are TTL 
compatible and CMOS compatible in respect of both input and 
output. 

If I/O ports or input ports are not used, they should be 
connected to W$$ via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 

■RESET 

The MCU can be reset either by external reset input (RES) 
or power-on reset. (See Fig. 18.) On power up, the reset 
input must be held "Low" for at least tosc to assure that the 
internal oscillator is stabilized. A sufficient tim e of d elay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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Figure 18 Power On and Reset Timing 



lOOkn typ 

vcc — 



HD6305Y 
MCU 



RESzfz 2.2/iF 
~777~ 



Figure 19 Input Reset Delay Circuit 



■ INTERNAL OSCILLATOR 

The internal oscillator circuit is designed to meet the 



2 0~8 0MHzCI=] 

-HI — 



10~22pF±20% 



EXTAL 



XTAL 



HD6305Y 
MCU 



Crystal Oscillator 



Cl2 



EXTAL 

XTAL HD6305Y 
MCU 



External 




Ceramic Oscillator 


Clock 






Input 


EXTAL 




NC 


XTAL 


HD6305Y 






MCU 



External Clock Drive 
Figure 20 Internal Oscillator Circuit 



requirement for minimum external configurations. It can be 
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or 
ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. 

Three different terminal connections are shown in Fig, 20. 
Figs, 21 and 22 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 



AT Cut 
Parallel 
Resonance 
Co = 7pF max 

f=2 0~8 0MH2 
Rs=60Q max 



XTAL 



Co 



EXTAL 




Figure 21 Parameters of Crystal 



Crystal 




Crystal 



(NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals Do not allow these 
wirings to cross others 

Figure 22 Typical Crystal Arrangement 



■ LOW POWER DISSIPATION MODE 

The HD6305Y has three low power dissipation modes: 
wait, stop and standby. 

• Wait Mode 

When WAIT instruction being executed, the MCU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions - the timer and the serial communication inter- 
face - stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be d one by interrupt (INT 
TIMER/INT2 or SCI/TIM ER2), RES or STBY. The RES 
resets the MCU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
mg from the wait mode the MCU executes the instruction 
"^^^ ^0 the WAIT. If an interrupt other than the INT (i.e., 
TIMER/INT2 or SCI/TIMER2) IS masked by the timer control 



HITACHI 

2 1 6 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD6305Y2, HD63A05Y2, HD63B05Y2 



register, miscellaneous register or serial status register, there 
IS no interrupt request to the CPU, so the wait mode cannot 
be released 

Fig. 23 shows a flowchart for the wait function. 
• Stop Mode 

When STOP instruction bemg executed, MCU enters into 
the stop mode. In this mode, the oscillator stops and the CPU 
and penpheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
entering into the stop mode. 

The escape from this mode c an be done by an external 
interrupt (IN T or I NT2 ), RES or STBY. The RES resets the 
MCU and the STBY bnngs into the standby mode. 

When mterrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt IS masked by the I bit of the condition code register, 
after releasing from the stop mode, the MCU executes the 
instruction next to the STOP If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MCU, so the stop mode cannot be released 



Fig. 24 shows a flowchart for the stop function. Fig. 25 
shows a timing chart of return to the operation mode from 
the stop mode 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for sta bilize d oscillation, the CPU becomes active. 
For restarting by RES, oscillation start s when the RES goes 
"0" and the CPU restarts when the RES goes "1". The dura- 
tion ot RES="0" must exceed 30 ins to assure stabilized oscil- 
lation 

• Standby Mode 

The MCU enters into the standby mode when ti e STBY 
terminal goes "Low" In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high-impedance state The 
standby mode should escape by bringing STBY "High" The 
CPU must be restarted by reset The timing of input signals 
at the RES and STBY terminals is shown in Fig 26 

Table 4 lists the status of each parts of the MCU in each 
low power dissipation modes Transitions between each mode 
are shown in Fig 27 



(Note) 

Wh en I bit of co ndition code register is "1" and interrupt 
(INT, TIMER/INT2, SCI/TIMER2) is held, MCU does not 
enter WAIT mode by the execution of WAIT instruction. 

In that case, after the 4 dummy cycles MCU executes the next 
instruction 

In the same way, when external interrupts (INT, INT2) are 
held at the bit I set, MCU does not enter STOP mode by the 
execution of STOP instruction In that case, also, MCU executes 
the next instruction after the 4 dummy cycles. 
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Figure 23 Wait Mode Flow Chart 
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Figure 24 Stop Mode Flow Chart 
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(a) Restart by Interrupt 



Instructions 
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Oscillator 
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(b) Restart by Reset 
Figure 25 Timing Chart of Releasing from Stop Mode 



STBY 



RES 



Restart 



Figure 26 Timing Chart of Releasing from Standby Mode 
Table 4 Status of Each Part of MCU in Low Power Dissipation Modes 
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Figure 27 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 



■ BIT MANIPULATION 

The MCU can use a single instruction (BSET or BCLR) to 
set or clear one bit of the RAM within page or an 1/0 port 
(except the write-only registers such as the data direction 
register) Every bit of memory or I/O within page ($00 ~ 
$FF) can be tested by the BRSET or BRCLR instruction, 
depending on the result of the test, the program can branch to 
required destinations Since bits in the RAM on page 0, oi I/O 
can be manipulated, the user may use a bit within the RAM on 
page as a flag or handle a single I/O bit as an independent 
I/O teiminal Fig 28 shows an example of bit manipulation 
and the validity of test instructions In the example, the pio- 
giam is configuied assuming that bit of port A is connected 
to a zero cross detector cucuit and bit 1 of the same port to 
the trigger of a triac 

The program shown can activate the triac within a time of 
10/is from zeio-ciossing through the use of only 7 bytes on 
the ROM The on-chip timer provides a lequiicd time of 
delay and pulse width modulation of power is also possible 

SELF 1 BRCLR 0, PORT A, SELF 1 
BSET 1, PORT A 
BCLR 1. PORT A 

Figure 28 Example of Bit Manipulation 

■ ADDRESSING MODES 

Ten different addressing modes are available to the MCU. 

• Immediate 

See Fig 29. The immediate addressing mode provides 
access to a constant which does not vary dunng execution of 
the program. 

This access requires an instruction length of 2 bytes. The 



effective address (EA) is PC and the operand is fetched from 
the byte that follows the operation code 

• Direct 

See Fig 30 In the direct addressing mode, the address of 
the operand is contained m the 2nd byte of the instruction. 
The user can gain direct access to memory up to the lower 
255th addiess 192 byte RAM and I/O registers are on page 
of addiess space so that the direct addressing mode may be 
utili/ed 

• Extended 

See Fig 31. The extended addressing is used for referenc- 
ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires a length of 3 bytes 

• Relative 

See Fig 32. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to -127 A branch instruction 
requires a length of 2 bytes 

• Indexed (No Offset) 

See Fig 33 The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register 
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• Indexed (8-bit Offset) 

See Fig. 34. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires a length of 2 bytes. 

• Indexed (16-bit Offset) 

See Fig. 35. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction must be 3 bytes long. 

• Bit Set/Clear 

See Fig. 36. This addressing mode is applied to the BSET 
and BCLR mstructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 



• Bit Test and Branch 

See Fig. 37. This addressing mode is applied to the BRSET 
and BRCLR instructions that can test any bit within page 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions should be 3 bytes 
long. The value of the test bit is written in the carry bit of the 
condition code register. 

• Implied 

See Fig. 38. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 
and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used m the implied addressing mode 
should have a length of one byte. 



1 ^ 

Adder V 



Index Reg 



PROG LDA «$F8 05BC ' 
05BF ' 



Prog Count 



Figure 29 Example of Immediate Addressing 



CAT FCB 32 0048 



PROG LDA CAT 0520 
052E 



Adder 



20 

index leg" 



Prog 



[ I 

Count 



052F 



Figure 30 Example of Direct Addressing 
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Memory Q" 



PROG LDA CAT 0409 
040A 
040B 



Adder 



CAT FCB 64 06E5 40 



Prog Count 



040C 



Figure 31 Example of Extended Addressing 



PROG BEQ PR0G2 04A7 
04A8 



04C1 



Adder 



0000 



Prog Count 



Figure 32 Example of Relative Addressing 



TABL FCC LI 0088 



Adder 



- A 4C 

Index Reg 



PROG LDA X 05F4 F6 



Stack Point 

I 



Figure 33 Example of Indexed (No Offset) Addressing 
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TA8L FCB =BF 0089 


BF 


FCB =86 008A 


86 


FCB =DB 008B 


DB 


FCB =CF 008C 


CF 






PROG LDA TABL X 075B 


E6 


075C 


89 



Index Reg 



Prog Count 

075D 



Figure 34 Example of Index (8-bit Offset) Addressing 



PROG LDA TABL X 0692 
0693 
0694 





/ 






] 1 








D6 


07 


7E 







Adder 



Stack Point 



TABL FCB =BF 077E 
FCB =86 077F " 
FCB =DB 0780 " 
FCB =CF 0781 " 



Figure 35 Example of Index {16-bit Offset) Addressing 



PORT B EQU 1 0001 



PROG BCLR 6 PORT B 058F 
0590 



BF 






i 




ID 


01 













Adder 



Stack Pomt 



^fog CounT" 



Figure 36 Example of Bit Set/Clear Addressing 
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Memory l~ 



PORT C EQU 2 0002 



PROG BRCLR 2 PORT C PROG 2 0574 

0575 " 

0576 " 



Adder 



|lndex Reg 



StackTo'n't ' 



Adder 



Figure 37 Example of Bit Test and Branch Addressing 



y Adder \ 
Zl X 



PROG TAX 05BA 



E5 

Index Reg ' 



Stack Point 



Figure 38 Example of Implied Addressing 



■ INSTRUCTION SET 

There are 62 basic instructions available to the HD6305Y 
MCU. They can be classified into five categones: register/ 
memory, read/modify/write, branch, bit manipulation, and 
control The details of each instruction are described in 
Tables 5 through 1 1 . 

• Register/Memory Instructions 

Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305Y MCU. There is no register operand in the uncon- 
ditional jump instruction (JMP) and the subroutine jump 
instruction (JSR). See Table 5. 

• Read/Modify /Write Instructions 

These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 



• Branch Instructions 

A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 

• Bit Manipulation Instructions 

These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 

• Control Instructions 

The control instructions control the operation of the MCU 
which is executing a program. See Table 9. 

• List of Instructions in Alphabetical Order 

Table 10 lists all the instructions used on the HD6305Y 
MCU in the alphabetical order. 

• Operation Code Map 

Table 1 1 shows the operation code map for the instructions 
used on the MCU. 
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Table 5 Register/Memory Instructions 







Addressing Mod«s 














Optrsttont 


Mnemonic 


Immediate 


Direct 


Extended 


Indexed 
(No Offset) 


Indexed 
(8-Bit Offset) 


Indexed 
(16-Bit Offset) 


Boolean/ 
Arithmetic 
Operation 




Condition 
Codt 








OP 


S 




OP 


Jt 




OP 


9 




OP 


» 




OP 






OP 


8 






H 


1 


N 


z 


C 


Load A from Memory 


LDA 


A6 


2 


2 


B6 


2 


3 


C6 


3 


4 


F6 


1 


3 


E6 


2 


4 


06 


3 


5 


M-A 


• 


• 






• 


Load X from Memory 


LDX 


AE 


2 


2 


BE 


2 


3 


CE 


3 


4 


FE 


1 


3 


EE 


2 


4 


DE 


3 


5 


M-X 


• 


• 






• 


Store A in Memory 


STA 








B7 


2 


3 


C7 


3 


4 


F7 


1 


4 


E7 


2 


4 


D7 


3 


s 


A-M 


• 


• 






• 


Store X in Memory 


SIX 








BF 


2 


3 


CF 


3 


4 


FF 


1 


4 


EF 


2 


4 


DF 


3 


5 


X-M 


• 


• 






• 


Add Memory to A 


ADO 


AB 


2 


2 


BB 


2 


3 


CB 


3 


4 


FB 


1 


3 


EB 


2 


4 


DB 


3 


5 


A-f-M-.A 


A 


• 


A 




A 


Add Memory and Carry 




















































to A 


ADC 


A9 


2 


2 


B9 


2 


3 


C9 


3 


4 


F9 


1 


3 


E9 


2 


4 


09 


3 


5 


A+M+C-A 




• 








Subtract Memory 


SUB 


AO 


2 


2 


BO 


2 


3 


CO 


3 


4 


FO 


1 


3 


EO 


2 


4 


00 


3 


5 


A-M-A 


• 


• 




r 




Subtract Memory from 




















































A with Borrow 


SBC 


A2 


2 


2 


B2 


2 


3 


C2 


3 


4 


F2 


1 


3 


E2 


2 


4 


02 


3 


5 


A-M-C-A 


• 


• 








AND Memory to A 


AND 


A4 


2 


2 


B4 


2 


3 


C4 


3 


4 


F4 


1 


3 


E4 


2 


4 


04 


3 


5 


A • M «A 


• 


• 






• 


OR Memory with A 


ORA 


AA 


2 


2 


BA 


2 


3 


CA 


3 


4 


FA 


1 


3 


EA 


2 


4 


OA 


3 


5 


A + M-A 


• 


• 






• 


Exclusive OR Memory 




















































with A 


EOR 


A8 


2 


2 


B8 


2 


3 


C8 


3 


4 


F8 


1 


3 


E8 


2 


4 


D8 


3 


5 


A+ M-A 


• 


• 






• 


Arithmetic Compare A 




















































with Memory 


CMP 


A1 


2 


2 


B1 


2 


3 


CI 


3 


4 


F1 


1 


3 


El 


2 


4 


01 


3 


5 


A-M 


• 


• 








Arithmetic Compare X 




















































with Memory 


CPX 


A3 


2 


2 


B3 


2 


3 


C3 


3 


4 


F3 


1 


3 


E3 


2 


4 


03 


3 


5 


X-M 


• 


• 








Bit Test Memory with 




















































A (Logical Compare) 


BIT 


AS 


2 


2 


B5 


2 


3 


C5 


3 


4 


F5 


1 


3 


E5 


2 


4 


05 




5 


A M 


• 


• 






• 


Jump Unconditional 


JMP 








BC 


2 


2 


CC 


3 


3 


FC 




2 


EC 


2 


3 


DC 


3 


4 














Jump to Subroutine 


JSR 








BD 


2 


5 


CD 


3 


6 


FD 




5 


ED 


2 


S 


00 


3 


6 















Symbols. Op>° Operation 

# = Number of bytes 
~ = Number of cycles 



Table 6 Read/Modify/Write Instructions 



Operations 


Mnemonic 


Addressing Modes 


Boolean/Arithmetic Operation 


Condition 
Codt 


Imptied(A) 


Implied(X) 


Direct 


Indexed 
(No Offset) 


Indexed 
(8 at Offset) 


OP 


8 




OP 


8 




OP 


8 




OP 


8 




OP 


8 




H 


1 


N 


z 


c 


Increment 


INC 


4C 


1 


2 


5C 


1 


2 


3C 


2 


5 


7C 


1 


5 


6C 


2 


6 


A + 1 -A or X + l -X or M+l-M 










• 


Decrement 


DEC 


4A 




2 


5A 




2 


3A 


2 


5 


7A 


1 


5 


6A 




6 


A - 1 -A or X - 1 -X or M - 1 -M 










• 


Clear 


CLR 


4F 


1 


2 


5F 


1 


2 


3F 


2 


5 


7F 


1 


5 


6F 


T 


6 


00 -A or 00 -X or 00-M 









1 


• 


Complement 


COM 


43 


1 


2 


S3 


1 


2 


33 


2 


5 


73 


1 


5 


63 


2 


6 


A -A or If -X or M-M 






A 




1 


Negate 

(2's Complement) 


NEG 


40 


1 


2 


SO 


1 


2 


30 


2 


5 


70 


1 


5 


60 


2 


6 


OO-A-A or 00-X-X 
or 00-M-M 












Rotate Left Thru Carry 


ROL 


49 


1 


2 


S9 


1 


2 


39 


2 


5 


79 


1 


5 


69 


2 


6 












A 


Rotate Right Thru Carry 


ROR 


46 


1 


2 


56 


1 


2 


36 


2 


5 


76 


1 


5 


66 


2 


6 


Qcw 1 1.;. TP 










A 


Logical Shift Left 


LSL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


fy\ 1 1 h-. 






A 


A 


A 


Logical Shift Right 


LSR 


44 


1 


2 


54 


1 


2 


34 


2 


5 


74 


1 


5 


64 


2 


6 


0-1 I VU.M \ Hf] 











A 


Arithmetic Shift Right 


ASR 


47 


1 


2 


57 


1 


2 


37 


2 


5 


77 


1 


5 


67 


2 


6 












A 


Arithmetic Shift Left 


ASL 


48 


1 


2 


58 


1 


2 


38 


2 


5 


78 


1 


5 


68 


2 


6 


Equal to LSL 






A 




A 


Teet for Negative 
or Zero 


TST 


40 


1 


2 


50 


1 


2 


30 


2 


4 


70 


1 


4 


60 


2 


5 


A-00 jr X-OOor M-00 








A 


• 



Symbols Op « Operation 

# Number of bytes 
- " Number of cycles 
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Table 7 Branch Instructions 



v/poraxiona 


iviriomuiiit« 


Addressing Modes 


Branch Test 


Condition Code 


Relative 


Ur 






n 


1 
1 




L 


n 




Branch Always 


RDA 


Z.\J 


Z 


o 
o 




None 












Branch Novor 


DniM 


O 1 
Z 1 


Z 


o 
o 


None 












Branch IF Highar 


Dm 




Z 


o 
o 


r-i-7— n 

\j-r c. — \J 












Branch IF Lowar or Sama 


Rl Q 
DLO 


oo 


Z 


o 


P j-7— 1 
— 1 












Branch IF Carry Claar 


RPP 
DUU 


o>i 
z*^ 


Z 


o 
o 


p — n 












(Branch IF HiQhar or Sama) 




o>i 


z 


o 


V* — \J 












Drancn ir v^arry oei 


RPQ 
DUO 


OK 
ZD 


z 


o 
o 


r — 1 

— 1 












(Branch IF Lowar) 


/Rl n\ 


25 


2 


3 


p — 1 












Branch IF Not Epual 


RMC 


ZD 


z 


o 
o 


7— n 

lU — U 












Branch IF Equal 


BEQ 


27 


2 


3 


Z=1 












Drancn ir naii v^arry uiaar 


DliUU 


OQ 
ZO 


z 


Q 

o 


ui — n 












Branch IF Half Carry Set 


BHCS 


29 


2 


3 


H = 1 












Qron/^K IC Dli le 

Drancn ir rius 


RPI 


O A 

ZA 


Z 


o 


M — n 

IM — U 












Branch IF Minus 


BMI 


2B 


2 


3 


N = 1 












Branch IF Interrupt Mask 
Bit IS Clear 


BMC 


2C 


2 


3 


1=0 












Diancn Ir imerrupx iviasiv 

Bit 1^ ^At 


BMS 


2D 


2 


3 


1=1 












Branch IF Interrupt Line 
IS Low 


BIL 


2E 


2 


3 


INT=0 












Branch IF Interrupt Line 
IS High 


BIH 


2F 


2 


3 


INT=1 












Branch to Subroutine 


BSR 


AD 


2 


5 















Symbols' Op - Operation 

# - Number of bytes 
~ " Number of cycles 



Table 8 Bit Manipulation Instructions 







Addressing Modes 


Boolean/ 


Branch 
Test 


Condition Code 


Operations 


Mnemonic 


Bit Set/Clear 


Bit Test and Branch 


Arithmetic 






OP 






OP 


t 




Operation 


H 


1 


N 


Z 


c 


Branch IF Bit n is set 


BRSET n(n=0 7) 








2.n 


3 


5 




Mn=1 


• 


• 


• 


• 


A 


Branch IF Bit n is clear 


BRCLR n(n=0 • 7) 








01+2n 


3 


5 




Mn=0 


• 


• 


• 


• 


A 


Set Bit n 


BSET n(n=0 7) 


10+2.n 


2 


5 








1-Mn 














Clear Bit n 


BCLR n(n=0 7) 


11+2. n 


2 


5 








0-Mn 















Symbols: Op - Operatior> 

# - Number of bytes 
" Number of cycles 
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Table 9 Control Instructions 







Addressing Modes 




Condition Code 


Operations 


Mnemonic 


Implied 


Boolean Operation 






OP 




~ 




H 


1 


N 


Z 


C 


Transfer A to X 


TAX 


97 




2 


A-*X 


• 


• 


• 


• 


• 


Transfer X to A 


TXA 


9F 




2 


X— A 


• 


• 


• 


• 


• 


Set Carry Bit 


SEC 


99 




1 


1-»C 


• 


• 


• 


• 


1 


Clear Carry Bit 


CLC 


98 




1 


0-»C 


• 


• 


• 


• 





Set Interrupt Mask Bit 


SEI 


9B 




2 


1—1 


• 


1 


• 


• 


• 


Clear interrupt Mask Bit 


CLI 


9A 




2 


0—1 













Software Interrupt 


SWI 


83 




10 






1 








Return from Subroutine 


n i o 


81 




5 






• 








Return from Interrupt 


RTI 


80 




8 






? 








Reset Stack Pointer 


RSP 


9C 




2 


$FF-SP 












No- Operation 


1 NOP 


9D 




1 


Advance Prog Cntr Only 












Decimal Adjust A 


DAA 


80 




2 


Converts binary add of BCD charcters into 
BCD format 










A* 


Stop 


STOP 


8E 




4 














Wait 


WAIT 


8F 




4 















Symbol!. Op - Operation . characters of upper byte 10 or more' (They are not cleared if set in advance.) 

# - Number of bytes 
~ ■ Number of cycles 



Table 10 Instruction Set (in Alphabetical Order) 



Addressing Modes 



Mnemonic 


Implied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Bit) 


Indexed 
(16-Bit) 


Bit 
Set/ 
Clear 


Bit 

Test & 
Branch 


H 


1 


N 


2 


C 


ADC 




X 


X 


X 




X 


X 


X 






A 










ADD 




X 


X 


X 




X 


X 


X 






A 




A 


A 




AND 




X 


X 


X 




X 


X 


X 










A 


A 




ASL 


X 




X 






X 


X 














^ 




ASR 


X 




X 






X 


X 












A 


A 




sec 










X 






















BCLR 


















X 














BOS 










X 






















BEQ 










X 






















BHCC 










X 






















BHCS 










X 






















BHi 










X 






















(BHS) 










X 






















BIH 










X 






















BiL 










X 






















BIT 




X 


X 


X 




X 


X 


X 














(BLO) 










X 




















BL5 










X 




















BMC 










X 


















,1 
• 1 • 


BMi 










X 






















BMS 










X 






















BNE 










X 






















BPL 










X 






















BRA 










X 























Condition Code 



Condition Code Symbols. 
H Half Carry (From Bit 3) 

1 Interrupt Mask 

N Negative (Sign B«t) 

2 2ero 



(to be continued) 



Carry, Borrow 

Test and Set if True, Cleared Otherv«/ise 
Not Affected 

Load CC Register From Stack 
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Table 10 Instruction Set (m Alphabetical Order) 



Addressing Modes ' Condition Code 



Mnemonic 


Innplied 


Immediate 


Direct 


Extended 


Relative 


Indexed 
(No Offset) 


Indexed 
(8-Btt) 


Indexed 
(16-Bit) 


Bit 
Set 
Clear 


Bit 
Test & 
Branch 


H 


1 


N 


Z 


C 


BRN 

BRCLR 

BRSET 











X 












• 


• 


• 


• 


• 





X 








X 


• 


• 


• 


• 




X 


X 


• 


• 


• 


• 




BSET 






• 


• 


• 


• 


• 
• 


BSR 

clc 


X 


• 
• 


• 
• 


• 


• 
• 


CLI 


X 




















• 




• 


• 


• 


CLR 


X 




X 






X 


X 








• 


• 





1 


• 


CMP 




X 


X 
X 


X 




X 


X 


r X 






• 


• 




A 




COM 


X 




X 


X 








• 


• 


^ 


^ 


1 


CPX 




X 


X 


X 




X 


X 


X 






• 


• 


A 




r- 


DAA 


X 




















• 


• 


A 




A 


DEC 


X 




X 






X 


X 








• 


• 


^ 


A 


• 


EOR 




X 


X 


X 




X 


X 


X 






• 


• 




\ 


• 


INC 


X 




X 






X 


X 








• 


• 


A 


\ 


• 


JMP 






X 


X 




X 


X 


X 






• 


• 


• 


• 


• 


JSR 






X 


X 




X 


X 


X 






• 


• 


• 


• 


• 


LDA 




X 


X 


X 




X 


X 


X 






• 


• 


A 


\ 


• 


LDX 




X 


X 


X 




X 


X 


X 






• 


• 




A 


• 


LSL 


X 




X 






X 


X 








• 


• 


A 




A 


LSR 


X 




X 






X 


X 








• 


• 





' 




NEG 


X 




X 






X 


X 








• 


• 


/ 


A 


- 


NOP 


X 




















• 


• 


• 


• 


• 


ORA 




X 


X 


X 




A 


X 


X 






• 


• 


h 




• 


ROL 


X 




X 






X 


X 








• 


• 


I 






ROR 


X 




X 






X 


X 








• 


• 


r- 






RSP 


X 




















• 


• 


• 


• 


• 


RTI 

'rts 

SBC 


X 


























? 


? 


X 




















• 


• 


• 


• 


• 




X 


X 


X 




X 


X 


X 






• 


• 




A 


A 


SEC 


X 




















• 


• 


• 


• 


1 


SEI 


X 




















• 




• 


• 


• 


STA 






X 


X 




X 


X 


X 






• 


• 






• 


STOP 


X 


























• 


• 


SIX 






X 






X 


X 
















• 


SUB 




X 


X 


X 




X 


X 


X 
















SWI 


X 


























• 


• 


TAX 


X 


























• 


• 


TST 


X 




X 






X 


X 
















• 


TXA 


X 


























• 


• 


WAIT 


X 


























• 


• 



Condition Code Symbols 

H Half Carry (From Bit 3) C Carry Borrow 

I Interrupt Mask / Test and Set if True, Cleared Otherwise 

N Negative (Sign Bit) • Not Affected 

Z Zero 7 Load CC Register From Stack 
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Table 1 1 Operation Code Map 





Bit Manipulation 


Branch 


Read, Modify /Write 


Control 




Register /Memory 








Test & 


Set 


































Branch 


Clear 


Rel 


DIR 


1 A 


X 


.XI 


,xo 


IMP 


IMP 


IMM 


DIR 


EXT 


,X2 


,X1 


.xo 









1 


2 


3 




5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


- HIGH 





BRSETO 


BSETO 


BRA 






NEG 






RTT ' 








SUB 











1 


BRCLRO 


BCLRO 


BRN 












RTS* 









~ 'CMP'~ 






1 




2 


BRSETl 


BSET1 


~ "¥hi~" 
















SBC 


2 




3 


BRCLR1 


BCLR1 


BLS 






C^M 




^ 


swr 








CPX 






3 


L 


4 


BRSET2 


BSET2 


BCC 







LSR 














AND 






4 



W 


5 


BRCLR2 


BCLR2 


~BCS~~ 























"bit 










6 


BRSET3 


BSET3 


BNE 






ROR 
















LDA~ 






6 




7 


BRCLR3 


BCLR3 


BEQ 






ASR 








TAX* 










STA(+n 


7 




8 


BRSET4 


BSET4 


BHCC 




LSL/ASL 






CLC 






EOR 






8 




9 


BRCLR4 


BCLR4~ 


BHCS^ 







ROL 








SEC 






~ ~ADC 






9 




A 


BRSET5 


BSET5 


BPL 






DEC 








CLI* 






ORA 






A 




B 


BRCLR5 


BCLR5 


BMI 














SEI* 






ADD ~ 






B 




C 


BRSET6 


BSET6 


BMC~ 






INC 








RSP* 






JMP(- 


1) 




C 




D 


BRCLR6 


BCLR6 


' BMS 


TST(-1 


)! TST i TST 




DAA* 


NOP 


BSR* 


JSR( + 2) 


JSR( + 1) 


JSRf+~2) 






E 


BRSET7 


BSET7 


BIL 












STOP- 








LDX 






E 




~T 


BRCLR7' 


bclr7 


BIH 






CLR 






WAIT* 


fXA* 






sTx ~ 




STX(+1) 








3/5 


2/5 


2/3 


2/5 


] l72] 1/2 




1 5 


J" 


1/1 


2/2 


2/3 "1 






2/4' 


"^3 





(NOTES) 



1 "-" IS an undefined operation code 

2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles) 
The number of cycles for the mnemonics asterisked (•) is as follows. 



RTI 

RTS 

SWI 

DAA 

STOP 

WAIT 



8 
5 
10 
2 
4 
4 



TAX 

RSP 

TXA 

BSR 

CLI 

SEI 



3. The parenthesized numbers must be added to the cycle count of the particular instruction 



• Additional instructions 

The following new instructions are used on the HD6305Y 
DAA Converts the contents of the accumulator into BCD 
code. 

WAIT Causes the MCU to enter the wait mode. For this mode, 

see the topic, Wait Mode. 
STOP Causes the MCU to enter the stop mode. For this mode, 

see the topic. Stop Mode. 

■ PRECAUTION 1— BOARD DESIGN OF 
OSCILLATION CIRCUIT 

When connecting crystal and ceramic resonator with the XTAL 
and EXTAL pins to oscillate, observe the following in designing 
the board. 

( 1 ) Locate crystal , ceramic resonator, and load capacity C 1 and C2 
as near the LSI as possible. (Induction of noise from outside to 
the XTAL and EXTAL pins may cause trouble in oscillation.) 

(2) Wire the signal lines to the neighbouring XTAL and EXTAL 
pins as far apart as possible. 

(3) Board design of situating signal lines or power supply lines near 
the oscillator circuit as shown in Fig. 40, should not be used 
because of trouble m oscillation by induction. The resistor 
between the XTAL and EXTAL, and pins close to them should 
be lOM 12 or more. The circuit in Fig 39 is an example of good 
board design 



■ PRECAUTION 2-PROGRAM OF WRITE ONLY REGISTER 

Read/Modify /Write instructions are unavailable for changing the 
contents of Write Only Register (e g. DDR, Data Direction Register 
of I/O port) of HD6305X, HD6305Y and HD63P05Y. 
(1) Data cannot be read from write only register, (e.g. DDR of I/O 
port) 

While read/modify/write instructions are executed in the follow- 
ing sequence. 

(i) Reads the contents from appointed address. 

(ii) Changes the data which has been read . 



XTAL 
EXTAL 



HD6305X 
HD6305Y 
HD63P05Y 



CI 



Figure 39 Design of Oscillation Circuit Board 
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(iii) l\im the data back to the original address. 

Thus, read/modify/write instructions cannot be applied to 
write only register such as DDR. 

(2) For the same reason , do not set DDR of I/O port using BSET and 
BCLR instructions. 

(3) Stored instructions (e.g. STA and STX, etc.) are available for 
writing into the write only register. 

■ PRECAUTION 3— SENDING/RECEIVING PROGRAM OF 
SERIAL DATA 

Be careful that malfunction may occur if SDR (SERIAL DATA 
REGISTER: $0012) is read or written during transmitting or receiv- 
ing serial data. 

■ PRECAUTION 4— WAIT/STOP INSTRUCTIONS PROGRAM 

When I bit of condition code register is and an interrupt 
(iNT 2, TIMER/INT 2) is held, the MCU does not enter into WAID 
mode by executing the WAIT instruction. 

In that case, after the 4 dummy cycles, the MCU executes the next 
instruction. 

In the same way, when external interrupts (INT, INT2) are held at 
the bit I set, the MCU does not enter into the STOP mode by execut- 
ing STOP instruction. In that case the MCU executes the next in- 
struction after the 4 dummy cycles. 



XTAL 
EXTAL 



HD6305X 
HD6305Y 
HD63P05Y 



Z}- 



00 to 



■ Signal C 



■ PRECAUTION TO USE BSR 

If there is 2nd BSR programmed on the address which is directed 
by first BSR, 2nd BSR may not be executed correctly. For this 
reason, BSR should not be programmed on the address which is 
directed by first BSR. 

If necessary, please program as following. 

(1) On the address which first BSR directed, NOP instruction 
should be mserted before second BSR. 

(2) On the address which first BSR directed, JSR instruction should 
be programmed instead of 2nd BSR. 

BSR LBLl - 



BSR LBL2 ~ 



LBL2 - 
LBL3 



example of malfunction 
of 2nd BSR execution 



BSR 

I 



LBLl NOP 
BSR 



example of counter measure 
(NOP IS inserted) 



BSR LBLl 



JSR 

I 
I 
I 



LBL2: 



Figure 40 Example of Circuit Causing Trouble in Oscillation 



■ PRECAUTION WHEN USING BIL/BIH INSTRUCTION 

(1) Execute Instruction after the INT Voltage level has stabilized 
abov e Vjh or below Vil- 

(2) INT voltage level needs to be stabilized while BIL/BIH Instruc- 
tion Execution. 

There may be a malfunction by glitch on control sign al if 
BIL/BIH Instruction Execution has exercized in unstablized INT 
signal level. 



example of counter measure 
(JSR is used instead of BSR) 




Avoid BIL/BIH Instruction Execution 
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CMOS MPU (Micro Processing Unit) 



Description 



Pin Arrangement 



The HD6309 is the highest 8-bit microprocessor 
of HMCS6800 family, which is compatible with the 
conventional HD6809. 

The HD6309 has hardware and software features 
which make it an ideal processor for higher level 
language execution or standard controller applica- 
tions. 

The HD6309 is complete CMOS device and its 
power dissipation is extremely low. Moreover, the 
SYNC and CWAI instruction makes low power 
application possible. 



Features 

• Hardware 

-Interfaces with all HMCS6800 peripherals 
-DMA transfer with no auto-refresh cycle 

• Software: object code compatible with the 
HD6809 

• Low power consumption mode (Sleep mode) 
-SYNC state of SYNC Instruction 
-WAIT state of CWAI Instruction 

• On chip oscillator 

• Wide operation range: f - 0.5 to 3 MHz (Vcc = 
5 V±10%) 



Type of Products 




Type No. 


Bus Timing 


HD63B09 


2.0 MHz 


HD63C09 


3.0 MHz 



VsslZ 
NMI 
IRQ 
FIRQ 
BS 

BAC 

Vcc C 



10 

da 

IZ4 



Ao 
Ai 

A2 

A3 
A4 
As 
Ae 
A7 
As 
A9 

A11 CI 
A12 



5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
II120 



40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



□ halt 

ZDXTAL 

ZIextal 

Z]RES 
ZlMRDY 
ZlQ 
ZIE 



DMA/BREO 

□ r/w 

□ Do 
Z]Di 

□ D2 

□ D3 
□4 

pDs 
Oe 
D7 

Ai5 

Z|A,4 

□ Ai3 



(Top view) 



PLCC package available 



baQ 7 

Ao[^ 9 

Aj[] 12 
A4Q 13 

Aa[:. 
Ael^is 
A7[[ 16 



BS FIRQ IRQ NMI Vcs 

■JZIJZLJZI n El. 



HALT XTAL EXTAL RES MRDY 



39 

-J' 

37 ^ DMA/ 
36 ^RM 
35 ] Do 
34 ^D, 
33 ]]02 
32[]d3 
31 ^04 
30[]d5 



19 20 21 22 23 24 25 26 2/ 



-"CT-nrL^TJ-CirDTirTTTTI^ 

NC Ag A,o All Aij NC A^ A,4 A15 f>! NC 
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Block Diagram 



Aq— Ai! 



16 



A ► 



PC 



DP 



CC 



D0-D7 



A ► 



A ► 



A ► 



A ^ 



rt— ►! 
< — ► 



A ► 



ALU ^ ^ 



< Vcc 



IR 



POST 



Interrupt 
Control 



RES 
NMi 

FTRQ 



DMA/BREQ 



R/W 



Bus 
Control 



HALT 
BA 



BS 

— XTAL 



Timing 



I 



• EXTAL 
• MRDY 



Q 
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Programming Model 



As shown in figure 1, the HD6309 adds three 
registers to the set available in the HD6800. The 
added registers are a direct page register, the user 
stack pointer and a second index register. 

Accumulators (A, B, D) 

The A and B registers are general purpose 
accumulators which are used for arithmetic calcu- 
lations and manipulation of data. 

Certain instructions concatenate the A and B 
registers to form a single 16-bit accumulator. This 
is referred to as the D register. It is formed with the 
A register as the most significant byte. 

Direct Page Register (DP) 

The direct page register of the HD6309 serves to 
enhance the direct addressing mode. The contents 
of this register appears at the higher address out- 
puts (Ag - A15) during direct addressing instruction 
execution. This allows the direct mode to be used at 
any place in memory, under program control. To 
ensure HD6800 compatibility, all bits of this regis- 
ter are cleared during processor reset. 

Index Registers (X, Y) 

The index registers are used in indexed mode 
addressing. The 16~bit address in this register takes 



part in the calculation of effective addresses. This 
address may be used to point to data directly or 
may be modified by an optional constant or register 
offset. In some indexed modes, the contents of the 
index register are incremented or decremented to 
point to the next item of tabular data. All four 
pointer registers (X, Y, U, S) may be used as index 
registers. 

Stack Pointer (U, S) 

The hardware stack pointer (S) is used automat- 
ically by the processor during subroutine calls and 
interrupts. The stack pointers of the HD6309 point 
to the top of the stack, in contrast to the HD6800 
stack pointer, which pointed to the next free loca- 
tion on the stack. The user stack pointer (U) is 
controlled exclusively by the programmer thus 
allowing arguments to be passed to and from su- 
broutines with ease. Both stack pointers have the 
same indexed mode addressing capabilities as the X 
and Y registers, but also support push and pull 
instructions. This allows the HD6309 to be used 
efficiently as a stack processor, greatly enhancing 
its ability to support higher level languages and 
modular programming. 

Note: The stack pointers of the HD6309 point to the 
top of the stack, in contrast to the HD6800 
stack pointer, which pointed to the next free 
location on stack. 



15 



X -~ Index Register 



Y - Index Register 



U - User Stack Pointer 



S — Hardware Stack Pointer 



PC 



DP 


7 

















E 


F 


H 


1 


N 


Z 


V 


c 



y Pointer Registers 



Program Counter 
Accumulators 



D«rect Page Register 



Figure 1. Programming Model of The Microprocessing Unit 
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Program Counter (PC) 

The program counter is used by the processor to 
point to the address of the next instruction to be 
executed by the processor. Relative addressing is 
provided allowing the program counter to be used 



like an index register in some situations. 

Condition Code Register (CC) 

The condition code register defines the state of 
the processor at any given time. See figure 2. 



Condition Code Register Description 
Bit (C) 

Bit is the carry flag. It is usually the carry from 
the binary ALU. C is also used to represent a 'bor- 
row* from subtract-like instructions (CMP, NEG, 
SUB, SBC). Then, it is the complement of the carry 
from the binary ALU. 

Bit 1 (V) 

Bit 1 is the overflow flag. It is set to a one by an 
operation which causes a signed two's complement 
arithmetic overflow. This overflow is detected in 
an operation in which the carry from the MSB in 
the ALU does not match the carry from the MSB 
minus L 

Bit 2 (Z) 

Bit 2 is the zero flag. It is set to one if the result 
of the previous operation was identically zero. 

Bit 3 (N) 

Bit 3 is the negative flag. It contains exactly the 
value of the MSB of the result of the preceding 
operation. Thus, a negative two's-complement 
result will leave N set to one. 

Bit 4 (I) 

Bit 4 is the IRQ mask bit. The processor will not 



recognize i nterrupts from th e IRQ line if this bit is 
set to one. NMI, FIRQ, IRQ, RES, and SWI all set 
I to one; SWI2 and SWI3 do not affect I. 

Bit 5 (H) 

Bit 5 is the half-carry bit. It is used to indicate a 
carry from bit 3 in the ALU as a result of an 8-bit 
addition only (ADC or ADD). This bit is used by the 
DAA instruction to perform a BCD decimal add 
adjust operation. The state of this flag is undefined 
in all subtract-like instructions. 

Bit 6 (F) 



Bit 6 is the FIRQ mask bit. The pr ocessor will not 
recogn ize in t errupt s from the FIRQ line if this bit is 
a on e. NMI, FIRQ, SWI, and RES all set F to one. 
IRQ, SWI2 and SWI3 do not affect F. 

Bit 7 (E) 

Bit 7 is the entire flag. Set to one, it indicates that 
the complete machine state (all the registers) was 
stacked, as opposed to the subset state (PC and CC). 
The E bit of the stacked CC is used on a return 
from interrupt (RTI) to determine the extent of the 
unstacking. Therefore, the current E left in the 
condition code register represents past action. 



E 


F 


„ , 


N 


2 


V 


C 



Overflow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 



Figure 2. Condition Code Register Format 
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Signal Description 

Power (Vss, Vcc) 

Two pins supply power to the part: Vss is ground 
or volts, while Vcc is +5.0 V ±10%. 

Address Bus (A© —Ais) 

Sixteen pins output address information from the 
MPU onto the address bus. When the processor 
does not require the bus for_a data transfer, it will 
output address FFFFig, R/W= =high, and BS = low. 
This is a "dummy access" or VMA cycle (see fig- 
ures 25 and 26). All address bus drivers are made 
high impedance when the bus available output (BA) 
is high. Each pin will drive one Schottky TTL load 
or four LS TTL loads, and typically 90 pF. 

Data Bus (D© -Dt) 

These eight pins provide communication with the 
system bi-directional data bus. Each pin will drive 
one Schottky TTL load or four LS TTL loads, and 
typically 130 pF. 



Read/Write (R/W) 

This signal indicates the direction of data trans- 
fer on the data bus. A low indicates_that the MPU 
is writing data onto the data bus. R/W is made high 
impedance when BA is high. Refer to figures 25 and 
26. 



Reset (RES) 

A low level on this Schmitt-trigger input for 
greater thaq one bus cycle will reset the MPU, as 
shown in figure 3. The reset vectors are fetched 
from locations FFFEie and FFFFig (table 2) when 
interrupt acknowledge is true, ( BA • BS = 1). During 
initial power- on, the reset line should be held low 
until the clock oscillator is fully operational. See 
figure 4. 

Because the HD6309 reset pin has a Schmitt- 
trigger input with a threshold voltage higher than 
that of standard peripherals, a simple R/C network 
may be used to reset the entire system. This higher 



Table 1. Pin Description 



Symbol 


Pin No. 


I/O 


Function 


Vss 


1 




Ground 


NMI 


2 


1 


Non maskable interrupt 


IRQ 


3 


1 


Interrupt request 


fTrq 


4 


1 


Fast interrupt request 


BS, BA 


5, 6 





Bus status. Bus available 


Vcc 


7 




+ 5 V power supply 


Ao -Ai5 


8-23 





Address bus, bits 0-1 5 


D7 - Do 


24-31 


I/O 


Data bus, bits 0-7 


R/W 


32 





Read / Write output 


DMA/BREQ 


33 


1 


DMA Bus request 


E, Q 


34, 35 





Clock signal 


MRDY 


36 


1 


Memory ready 


RES 


37 


1 


Reset input 


EXTAL, XTAL 


38, 39 


1 


Oscillator connection 


HALT 


40 


1 


Halt input 
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threshold voltage ensures that all peripherals are 
out of the reset state before the processor. 



Halt (HALT) 

A low level on this input pin will cause the MPU 
to stop running at the end of the present instruction 
and remain halted indefinitely without loss of data. 
When halted, the BA output is driven high indicat- 
ing the buses are high impedance. BS is also high 
which indicates the processor is in the halt or bus 
grant state. While halted, the MPU will no t respond 
to external re altime requests (FIRQ, IRQ) althou gh 
DMA /BREQ will always be accepted, and NMI or 
RES will be latched for later response. During the 
halt state, Q and E c ontin ue to run normally. If the 
MPU is not running (RES), a halt ed state (BA • BS 
= 1) can be achieved by pulling HALT low while 
RES is still low. See figure 5. 

Bus Available, Bus Status (BA, BS) 

The BA output is an indication of an internal 
control signal which makes the MOS buses of the 
MPU high impedance. This signal does not imply 
that the bus will be available for more than one 
cycle. When BA goes low, an additional dead cycle 
will elapse before the MPU acquires the bus. 

The BS output signal, when decoded with BA, 
represents the MPU state. 



Interrupt Acknowledge is indicated durin g both 
cycles of a hardware vector fetch (RES, NMI, 
FIRQ, IRQ, SWI, SWI2, SWI3). This signal, plus 
decoding of the lower four address lines, can pro- 
vide the user with an indication of which interrupt 
level is being serviced and allow vectoring by 
device. See Table 2. 

Sync Acknowledge is indicated while the MPU is 
waiting for external synchronization on an inter- 
rupt line. 

Halt/Bus Grant is true when the HD6309 is in a 
halt or bus grant condition. 



Non Maskable Interrupt (NMI) 

A negative edge on NMI requests that a non- 
maskable interrupt sequence be generated. A non- 
maskable interrupt cannot be inhibited by t he pro - 
gram , and also has a higher priority than FIRQ, 
IR Q or s oftware interrupts. During recognition of 
an NMI, the entire machine stat e is s aved on the 
hardware stack. After reset, an NMI will not be 
recognized until the first program load o f the 
hardware stack pointer (S). The pulse wi dth of NMI 
low must be at least one E cycle. If the NMI input 
does not meet the minimum set up with respect to 
Q, the interrupt will not be recognized until the next 
cycle See figure 6. 



Table 2. Memory Map for Interrupt Vectors 



Memory Map for 
Vector Locations 



MS 


LS 


Interrupt Vector 
Description 


FFFE 


FFFF 


RES 


FFFC 


FFFD 


NMI 


FFFA 


FFFB 


SWI 


FFF8 


FFF9 


IRQ 


FFF6 


FFF7 


FIRQ 


FFF4 


FFFB 


SWI2 


FFF2 


FFF3 


SWI3 


FFFO 


FFF1 


Reserved 



Table 3. MPU State Definition 



BA 


BS 


MPU State 








Normal (Running) 





1 


Interrupt or RESET Acknowledge 


1 





SYNC Acknowledge 


1 


1 


HALT or Bus Grant 
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Vcc ^^T^^ 



RES 



Address 
Bus 



m (m + 1jm + 2im+3|rn + 4jm + 5|m + 6|rn+7jm+8|rn + 9im + 10 




New New 
PC PC + 1 



0.8 V 



New New 
PC PC + 1 



\V\\Vk\\\^\\VI\V 



DCZXZZXZDOCIDCZXJDCDCIDCZXIDCIXIIXIIXIIX^ 

New PC New PC VMA First New PC New PC VMA First 



Hi Byte Lo Byte Instruction 



Hi Byte Lo Byte Instruction 



J V 



Figure 3. RES Timing 
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Vcc^ 

E 

RES 



•4.5V 



-if- 



./T_rLrLn_r 



Cout 



HD6309 



38 



12 MHz 10~20 pF ±20% 10-20 pF ±20% 



8 MHz 



10-20 pF ±20% 10-20 pF ±20% 



Cin: 



AT Cut Parallel Resonance Crystal 
Cq =7 pF max 
Rs = 60 n max 



Y 



39 



777 



Figure 4. Crystal Connections and Oscillator Start Up 



2nd To Last "^^t Cycle 



^ . Instruction . 
Dead p^^^^^ Instruction Dead 
Cycle I I Execute I Cycle | Halted 




— H -"-tpcf 



tPCSH-H I I 



tpcf 
8V 



-H l^-tpcsH 



BA 
BS 



zxzxzxz> 

r 

r 



Fetch Execute 



Instruction 
Opcode 



Figure 5. HALT and Single Instruction Execution for System Debug 
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Figure 6. IRQ and NMI Interrupt Timing 



Last Cycle 
of Current 
Instruction 
H 



- Interrupt Stacking and Vector Fetch Sequence - 



Instruction 
Fetch 
H 



-2 m-1 m m + 1 m+2 m + 3 m + 4 m + 5 m + 6 m + 7 m + 8 m + 9 n n + 1 

^ ^ ^ ,.1., ^ ^ ^ ^-..--hH-, ^ ^ ^ 



FIRQ ViH 



Bu, 'DCpCIXZDCIXZI)CZ)CII)CZ^ 

PC PC FFFF SP - 1 SP - 2 SP - 3 FFFF FFF6 FFF7 FFFF New PC New 

8V 



"-ZXZXZDCZXZDCIIX X )CIDC=XZI)CII)CZI)(ZZ)C 



VMA PCL PCH CC VMA New New VMA 

PCH PCL 



J V. 



Figure 7. FIRQ Interrupt Timing 
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Fast Interrupt Request (FIRQ) 



A low level on FIRQ input will initiate a fast 
interrupt sequence provided its mask bit (F) in the 
CC is clear. This sequence Jias priority over the 
standard interrupt request (IRQ). It is fast in the 
sense that it stacks only the contents of the condi- 
tion code register and the program counter. The 
interrupt service routine should clear the source of 
the interrupt before doing an RTI. See figure 7. 

Interrupt Request (IRQ) 

A low level input on IRQ will initiate an interrupt 
request sequen ce pr ovided the mask bit (I) in the CC 
is clear. Since IRQ stacks the entire machine state 
it pro vides a slower response to interrupt s than 
FIRQ. IRQ also has a lower priority than FIRQ. 
Again, the interrupt service routine should clear the 
source of the interrupt before doing an RTI. See 
figure 6. 



Note: NMI, FIRQ, and IRQ requests are sampled on 
the falling edge of Q. One cycle is required 
for synchronization before these interrupts 
are recognized. The pending interrupt(s) will 
not be serviced until completion of the cur- 
rent instruction unless a SYN C or CWAI 
condition is present. IflRQ and FIRQ do not 
remain low until completion of the current 



instruction they may not be recognized. 
However, NMI is latched and need only 
remain low for one cycle. 

XTAL, EXTAL 

These two pins are connected with parallel reso- 
nant fundamental crystal, AT cut. Alternately, the 
pin EXTAL may be used as a TTL level input for 
external timing with XTAL floating. The crystal or 
external frequency is four times the bus frequency. 
See figure 4. Proper RF layout techniques should be 
observed in the layout of printed circuit boards. 

Note for Board Design of the Oscillation Cir- 
cuit: In designing the board, the following notes 
should be taken when the crystal oscillator is used. 

See figure 8. 

1. Crystal oscillator and load capacity Cin, Cout 
must be placed near the LSI as much as pos- 
sible, (Normal oscillation may be disturbed 
when external noise is induced to pin 38 and 

39.) 

2. Fin 38 and 39 signal line should be wired apart 
from other signal line as much as possible. 
Don't wire them in parallel with other lines. 
(Normal oscillation may be disturbed when E 
or Q signal feeds back to pin 38 and 39.) 



HE>6309 



40 

39 
38 
37 
36 
35 
34 



.XTAL, 



. Cout 



4r 



■^EXTAL 



Cm 



RES 



*MRDY 



Figure 8. Board Design of the Oscillation Circuit 
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Designs to be Avoided: A signal line or a 
power source line must not cross or go near the 
oscillation circuit line as shown in figure 9 to pre- 
vent induction from these lines. The resistance 
between XTAL, EXTAL and other pins should be 
over 10 Mfi. 

E,Q 

E is similar to the HD6800 bus timing signal <^2- Q 
is a quadrature clock signal which leads E. Q has no 
parallel on the HD6800. Data is latched on the 
ifalling edge of E. Timing for E and Q is shown in 
figure 10. 

Memory Ready (MRDY) 

This input control signal allows stretching of E 
and Q to extend data-access time. E and Q operate 
normally while MRDY is high. When MRDY is low, 
E and Q may be stretched in integral multiples of 
half (1/2) bus cycles, thus allowing interface to slow 
memories, as shown in figure 11. The maximum 
stretch is 5 microseconds. 



During nonvalid memory access (VMA cycles) 
MRDY has no effect on stretching E and Q: this 
inhibits slowing the processor during "don't care" 



bus accesses. MRDY may also be used to stretch 
clocks (for slow memory) when bus control has 
been transferred t o an external device (through the 
use of HALT and DMA/BREQ). 

MRDY also stretches E and Q during dead cycles. 



DMA Bus Request (DMA/BREQ) 



The DMA/BREQ input provides a method of 
suspending execution and acquiring the MPU bus 
for another use, as shown in figure 12. Typical uses 
include DMA and dynamic memory refresh. 



Transition of DMA/BREQ should occur during 
Q. A low level on this pin will stop instruction 
execution at the e nd of the curre nt cycle. The MPU 
will acknowledge DMA/BREQ by setting BA and 
BS to high level. The HD6309 does not perform the 
auto-refresh executed in the HD6809. See figure 13. 

Typically, the DM A controller w ill request to use 
the bus by asserting DMA/BREQ pin low on the 
leading edge of E. When the MPU replies by setting 
BA and BS to one, that cycle will be a dead cycle 
used to transfer bus mastership to the DMA con- 
troller. 



Must be avoided. 



HD6309 




Signal C 



Figure 9. Example of Normal Oscillation may be Disturbed 
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False memory accesses may be preve nted during 
dead cycles by developing a system DMAVMA 
signal which is low in any cycle when BA has 
changed. 



When BA goes low (a result of DMA/BREQ=^ 



high), another dead cycle will elapse before the 
MPU accesses memory, to allow transfer of bus 
mastership without contention. 



The DMA/BREQ input should be tied high during 
reset state. 



Start of Cycle 

I 



End of Cycle (Latch Data) 



0.8V 



^AVS 



-VCC-2.0V 



/ 1 

I 

— v_L 



0.8V 



Figure 10. E/Q Relationship 




Figure 11. MRDY Clock Stretching 
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MPU Operation 

During normal operation, the MPU fetches an 
instruction from memory and then executes the 
requested function. This sequence begins at RES 
and is repeated indefinitely unless altered by a 
special instruction or hardware occurrence. Soft- 



ware instructions that alter normal MPU operation 
are: SWI, SWI2, S WI3, CWAI, RT I and SYNC. An 
interrupt, HALT or DMA/BREQ can also alter the 
normal execution of instructions. Figure 14 illus- 
trates the flow chart for the HD6309. 



^ C-0.8V / V0.8V / \ / Vo.SV / ^^^0 8\ 



\__/ \__/ V 



0.8 V 



VCC-2.0V 
• — tAD 



I5MAVMA* 



f 



f 



ADOR 
(MPU) 



-C 



AOOR 
(OMAC) 



♦ DMAVMA is developed externally, but it is a system requirement for DMA. 



Figure 12. Typical DMA Timing 



I I 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 . 17 18 19 20 

^ .rLrirLrijlrlrLr^^ 
o jTlrilnjT-TxnjTjTj-LJTJxrL^ 



DMA/BREQ VL 



I I 
BA, BS 1/ r 



*DMAVMA is developed externally, but it is a system requirement for DMA. 
The HD6309 does not perform the auto-refresh executed in the HD6809. 



Figure 13. DMA Timing 
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HD6309 Interrupt Structure 



Note: Asserting RES will result in entering the reset sequence from any point m the flow chart. 



Bus State 


BA 


BS 


Runr^ing 








Interrupt or Reset Acknowledge 





1 


Sync 


1 





Halt/Bus Grant 


1 


1 



Figure 14. Flowchart for HD6309 Instruction 
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Addressing Modes 

The basic instructions of any computer are 
greatly enhanced by the presence of powerful ad- 
dressing modes. The HD6309 has the most complete 
set of addressing modes available on any micro- 
computer today. For example, the HD6309 has 59 
basic instructions, however, it recognizes 1464 dif- 
ferent variations of instructions and addressing 
modes. The addressing modes support modern pro- 
gramming techniques. The following addressing 
modes are available on the HD6309: 

• Implied (includes accumulator) 

• Immediate 

• Extended 

• Extended indirect 

• Direct 

• Register 

• Indexed 
-Zero-offset 
-Constant offset 
-Accumulator offset 
-Auto increment/decrement 

• Indexed indirect 

• Relative 

• Program counter relative 

Implied (Includes Accumulator) 

In this addressing mode, the opcode of the 
instruction contains all the address information 
necessary. Examples of implied addressing are: 
ABX, DAA, SWI, ASRA, and CLRB. 

Immediate Addressing 

In immediate addressing, the effective address of 
the data is the location immediately following the 
opcode (i.e., the data to be used in the instruction 
immediately follows the opcode of the instruction). 
The HD6309 uses both 8-and 16-bit immediate 
values depending on the size of the argument speci- 
fied by the opcode. Examples of instructions with 
immediate addressing are: 

LDA #$20 
LDX #$F000 
LDY #CAT 

Note: # signifies immediate addressing, $ signifies 
hexadecimal value. 

Extended Addressing 

In extended addressing, the contents of the two 
bytes immediately following the opcode fully spec- 
ify the 16-bit effective address used by the instruc- 
tion. Note that the address generated by an 



extended instruction defines an absolute address 
and is not position independent. Examples of 
extended addressing include: 

LDA CAT 
STX MOUSE 
LDD $2000 

Extended Indirect 

As a special case of indexed addressing (discus- 
sed below), one level of indirection may be added to 
extended addressing. In extended indirect, the two 
bytes following the postbyte of an indexed instruc- 
tion contain the address of the data. 

LDA [CAT] 
LDX [$FFFE1 
STU [DOG] 

Direct Addressing 

Direct addressing is similar to extended address- 
ing except that only one byte of address follows the 
opcode. This byte specifies the lower 8 bits of the 
address to be used. The upper 8 bits of the address 
are supplied by the direct page register. Since only 
one byte of address is required in direct addressing, 
this mode requires less memory and executes faster 
than extended addressing. Of course, only 256 loca- 
tions (one page) can be accessed without redefining 
the contents of the DP register. Since the DP regis- 
ter is set to $00 on reset, direct addressing on the 
HD6309 is compatible with direct addressing on the 
HD6800. Indirection is not allowed in direct ad- 
dressing. Some examples of direct addressing are: 

LDA $30 

SETDP $10 (Assembler directive) 

LDB $1030 

LDD <CAT 

Note: < is *an assembler directive which forces 
direct addressing. 

Register Addressing 

Some opcodes are followed by a byte that defines 
a register or set of registers to be used by the 
instruction. This is called a postbyte. Some exam- 
ples of register addressing are: 

TFR X,Y Transfers X into Y 

EXG A, B Exchanges A with B 

PSHS A, B, X, Y Push Y, X, B, and A onto S 

PULU X, Y, D Pull D, X, and Y from U 



HITACHI 

246 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD63B09, HD63C09 



Indexed Addressing 

In all indexed addressing, one of the pointer 
registers (X, Y, U, S, and sometimes PC) is used in 
a calculation of the effective address of the operand 
to be used by the instruction. Five basic types of 
indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode as 
well as the pointer register to be used. Figure 15 
lists the legal formats for the postbyte. Table 4 
gives the assembler form and the number of cycles 



and bytes added to the basic values for indexed 
addressing for each variation. 

Zero-Offset Indexed: In this mode, the selected 
pointer register contains the effective address of the 
data to be used by the instruction. This is the fastest 
indexing mode. 

Examples are: 

LDD 0, X 
LDA S 



Post-byte Register Bit 


indexed 

Addressing 

iViode 


7 


6 


5 


4 


3 


2 


1 








R 


R 


d 


d 


d 


d 


d 


EA = ,R +5 Bit Offset 


1 


R 


R 

















,R + 


1 


R 


R 


0/1 











1 


,R+ + 


1 


R 


R 











1 





,-R 


1 


R 


R 


0/1 








1 


1 


,-~R 


1 


R 


R 


0/1 





1 








EA = ,R + Offset 


1 


R 


R 


0/1 





1 





1 


EA = ,R + B Offset 


1 


R 


R 


0/1 





1 


1 





EA = ,R + A Offset 


1 


R 


R 


0/1 


1 











EA = ,R + 8 Bit Offset 


1 


R 


R 


0/1 


1 








1 


EA = ,R + 16 Bit Offset 


1 


R 


R 


0/1 


1 





1 


1 


EA = ,R -1- D Offset 


1 


X 


X 


0/1 


1 


1 








EA = ,PC + 8 Bit Offset 


1 


X 


X 


0/1 


1 


1 





1 


EA = ,PC + 16 Bit Offset 


1 








1 


1 


1 


1 


1 


EA = (, Address] 



Addressing Mode Field 

Indirect Field 

(Sign bit when b7 = 0) 

• Non Indirect 

1 Indirect 

Register Field : RR 
GO = X 

01 = Y 

10 = U 

11 = S 



Figrure 15. Indexed Addressing Postbyte Register Bit Assignments 
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Constant Offset Indexed: In this mode, a two's 
-complement offset and the contents of one of the 
pointer registers are added to form the effective 
address of the operand. The pointer register's initial 
content is unchanged by the addition. 

Three sizes of offsets are available: 

5-bit (-16 to +15) 
8-bit (-128 to +127) 
16-bit (-32768 to +32767) 

The two's complement 5-bit offset is included in 
the postbyte and, therefore, is most efficient in use 
of bytes and cycles. The two's complement 8-bit 
offset is contained in a single byte following the 
postbyte. The two's complement 16-bit offset is in 



the two bytes following the postbyte. In most cases 
the programmer need not be concerned with the 
size of this offset since the assembler will select the 
optimal size automatically. 

Examples of constant-offset indexing are: 

LDA 23, X 

LDX -2, S 

LDY 300, X 

LDU CAT, Y 

Accumulator Offset Indexed: This mode is 
similar to constant offset indexed except that 
the two's-complement value in one of the 
accumulators (A, B or D) and the contents of 
one of the pointer registers are added to form 



Table 4. Indexed Addressing Mode 

Non Indirect Indirect 



Assembler Postbyte + + Assembler Postbyte + + 



Type 


Forms 


Form 


OP Code # Form 


OP Code 


-# 


Constant Offset From R 
(2's Complement Offsets) 


No Offset 


,R 


1RR00100 


[,R1 


1RR10100 


30 


5 Bit Offset 


n,R 


ORRnnnnn 1 


defaults to 8-bit 








8 Bit Offset 


n,R 


1RR01000 1 1 


In, Rl 


1RR11000 


4 1 




1 6 Bit Offset 


n,R 


1RR01001 4 2 


[n, R] 


1RR11001 


7 2 


Accumulator Offset From R A Register Offset 


A,R 


1RR00110 1 


[A, R] 


1RR10110 


40 




B Register Offset 


B,R 


1RR00101 1 


[B, R] 


1RR10101 


40 




D Register Offset 


D,R 


1RR01011 40 


ID, R] 


1RR11011 


70 


Auto Increment/Decrement R 


Increment By 1 


,R + 


1 RROOOOO 2 


not allowed 








Increment By 2 


,R+ + 


1 RR00001 3 


[,R + + 1 


1RR 10001 


60 




Decrement By 1 


,-R 


1RR00010 2 


not allowed 








Decrement By 2 


,-~R 


1RR00011 3 


I,---R] 


1RR10011 


60 


Constant Offset From PC 
(2's Complement Offsets) 


8 Bit Offset 


n, PCR 


IxxOnOO 1 1 


[n, PCR] 


1xx11100 


4 1 


1 6 Bit Offset 


n, PCR 


1xx01101 5 2 


[n, PCR] 


IxxlllOI 


82 


Extended Indirect 


1 6 Bit Address 






Cn] 


10011111 


52 



R = X, Y, U or S RR: 
X = Don't Care 00 = X 

01 =y 

10 = U 
11=S 



iand J indicate the number of additional cycles and bytes for the particular variation. 
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the effective address of the operand. The con- 
tents of both the accumulator and the pointer 
register are unchanged by the addition. The 
postbyte specifies which accumulator to use as 
an offset and no additional bytes are required. 
The advantage of an accumulator offset is that 
the value of the offset can be calculated by a 
program at run-time. 

Some examples are: 



LDA 
LDX 
LEAX 



B, Y 
D, Y 
B, X 



Auto Increment/ Decrement Indexed: In the 

auto increment addressing mode, the pointer regis- 
ter contains the address of the operand. Then, after 
the pointer register is used it is incremented by one 
or two. This addressing mode is useful in stepping 
through tables, moving data, or for the creation of 
software stacks. In auto decrement, the pointer 
register is decremented prior to use as the address 
of the data. The use of auto decrement is similar to 
that of auto increment; but the tables, etc, are 
scanned from high to low addresses. The size of the 
increment/decrement can be either one or two to 
allow for tables of either 8-or 16-bit data to be 
accessed, selectable by the programmer. The pre- 
decrement, post-increment nature of these modes 
allow them to be used to create additional software 
stacks that behave identically to the U and S 
stacks. 

Some examples of the auto increment/decrement 
addressing modes are: 



LDA 
STD 
LDB 
LDX 



,X + 
,Y + + 
,-Y 
,"~S 



Care should be taken in performing operations on 
16-bit pointer registers (X, Y, U, S) where the same 
register is used to calculate the effective address. 

Consider the following instruction: 

STX 0, X + 4- (X initialized to 0) 

The desired result is to store a in locations 
$0000 and $0001 then increment X to point to $0002. 
In reality, the following occurs: 



0-^temp 

X + 2->X 
X-^(temp) 

Indexed Indirect 



calculate the EA; temp is a 
holding register 
perform autoincrement 
do store operation 



auto increment/decrement by one, or a ± 4-bit 
offset may have an additional level of indirection 
specified. In indirect addressing, the effective 
address is contained at the location specified by the 
contents of the index register plus any offset. In the 
example below, the A accumulator is loaded in- 
directly using an effective address calculated from 
the index register and an offset. 

Before Execution: 



A = X X (don't care) 
X=$F000 



$0100 

$F010 
$F011 



LDA [$10, X) EA is now $F010 



$F1 

$50 



$F150 is now the 
new EA 



$F150 $AA 

After Execution: 

A=$AA (Actual Data Loaded) 
X = $F000 

All modes of indexed indirect are included except 
those which are meaningless (e.g., auto increment/ 
decrement by 1 indirect). Some examples of indexed 
indirect are: 



LDA 
LDD 
LDA 
LDD 



l,X] 

Iio,si 

tB,Y] 



Relative Addressing 

The byte(s) following the branch opcode is (are) 
treated as a signed offset which may be added to 
the program counter. If the branch condition is true 
then the calculated address (PC + signed offset) is 
loaded into the program counter. Program execu- 
tion continues at the new location as indicated by 
the PC. Short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of 
memory can be reached in long relative addressing 
as an effective address is interpreted modulo 2^^. 
Some examples of relative addressing are: 



CAT 
DOG 



RAT 
RABBIT 



BEQ 
BGT 
LBEQ 
LBGT 



NOP 
NOP 



CAT (short) 

DOG (short) 

RAT (long) 

RABBIT (long) 



All of the indexing modes with the exception of 
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Program Counter Relative 

The PC can be used as the pointer register with 8 
-or 16-bit signed offsets. As in relative addressing, 
the offset is added to the current PC to create the 
effective address. The effective address is then used 
as the address of the operand or data. Program 
counter relative addressing is used for writing 
position independent programs. Tables related to a 
particular routine will maintain the same relation- 
ship after the routine is moved, if referenced rela- 



HD6309 Instruction Set 

The instruction set of the HD6309 is similar to 
that of the HD6800 and is upward compatible at the 
source code level. The number of opcodes has been 
reduced from 72 to 59, but because of the expanded 
architecture and additional addressing modes, the 
number of available opcodes (with different ad- 
dressing modes) has risen from 197 to 1464. 

Some of the instructions and addressing modes 
are described in detail below: 

PSHU/PSHS 

The push instructions can push onto either the 



tive to the program counter. Examples are: 

LDA CAT, PCR 

LEAX TABLE, PCR 

Since program counter relative is a type of in- 
dexing, an additional level of indirection is avail- 
able. 

LDA [CAT, PCR] 
LDU [DOG, PCR] 



hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruc- 
tion. 

PULU/PULS 

The pull instructions have the same capability of 
the push instruction, in reverse order. The byte 
immediately following the push or pull opcode 
determines which register or registers are to be 
pushed or pulled. The actual PUSH/PULL 
sequence is fixed: each bit defines a unique register 
to push or pull, as shown in figure 16. 



Push/Pull Postbyte 



A 
B 



♦-Pull Order Push Order-> 
PC U Y X DP B A CO 
FFFF- •♦-increasing memory address- - 0000 
PC S Y X DP B A CO 

Figure 16. Push and Pull Order 
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TFR/EXG 

Within the HD6309, any register may be trans- 
ferred to or exchanged with another of like-size: i. 
e., 8-bit to 8-bit or 16-bit to 16-bit. Bits 4-7 of the 
postbyte define the source register, while bits 0-3 
represent the destination register (figure 17). They 
are denoted as follows: 



0000 - D 

0001 - X 
0010 -Y 
0011~U 
0100-S 



0101-PC 

1000 - A 

1001 - B 

1010- CC 

1011- DP 



Note: All other combinations are undefined and 
invalid. 

LEAX/LEAY/LEAU/LEAS 

The LEA (load effective address) works by cal- 
culating the effective address used in an indexed 
instruction and stores that address value, rather 
than the data at that address, in a pointer register. 
This makes all the features of the internal address- 
ing hardware available to the programmer. Some of 
the implications of this instruction are illustrated in 
table 5. 

The LEA instruction also allows the user to 
access data in a position independent manner. For 
example: 

LEAX MSGl, PCR 

LBSR PDATA(Print message routine) 



MSGl FCC 'MESSAGE' 
This sample program prints: 'MESSAGE'. By 



writing MSGl, PCR, the assembler computes the 
distance between the present address and MSGl. 
This result is placed as a constant into the LEAX 
instruction which will be indexed from the PC value 
at the time of execution. No matter where the code 
is located, when it is executed, the computed offset 
from the PC will put the absolute address of MSGl 
into the X pointer register. This code is totally 
position independent. 

The LEA instructions are very powerful and use 
an internal holding register (temp). Care must be 
exercised when using the LEA instructions with the 
aut6increment and autodecrement addressing 
modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 



LEAa ,b + 



1. b-*temp 

2. b + 1-b 

3. temp "♦a 



LEAa 
1. b -1 



♦temp 



2. b -1 -^b 

3. temp -►a 



(any of the 16-bit pointer 
registers X, Y, U, or S 
may be substituted for a 
and b) 

(calculate the EA) 
(modify b, postincrement) 
(load a) 



(calculate EA with prede- 
crement) 

(modify b, predecrement) 
(load a) 



Autoincrement-by-two and autodecrement-by- 
two instructions work similarly. Note that LEAX, 
X+ does not change X, however LEAX, — X does 
decrement X. LEAX 1, X should be used to incre- 
ment X by one. 

MUL 

Multiplies the unsigned binary numbers in the A 



Transfer/Exchange Postbyte 



Source 



Destination 
I I I 



Figure 17. TFR/EXG Format 



Table 5. LEA Examples 



Instruction 


Operation 


Comment 


LEAX 10, X 


X+10->X 


Adds 5-bit constant 10 






to X 


LEAX 500, X X + 500-^X 


Adds 16-bit constant 






500 to X 


LEAY A, Y 


Y + A-*Y 


Adds 8-bit A accumula- 






tor to Y 


LEAY D, Y 


Y+D-^Y 


Adds 16-bit D accumu- 






lator to Y 


LEAU-10, U 


U-10^U 


Subtracts 1 from U 


LEAS- 10, S 


S-10-^S 


Used to reserve area on 






stack 


LEAS 10, S 


S+10->S 


Used to 'clean up' stack 


LEAX 5, S 


S + 5-^X 


Transfers as well as adds 
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and B accumulator and places the unsigned result 
into the 16-bit D accumulator. This unsigned mul- 
tiply also allows multiple-precision multiplications. 

Long And Short Relative Branches 

The HD6309 has the capability of program 
counter relative branching throughout the entire 
memory map. In this mode, if the branch is to be 
taken, the 8-or 16~bit signed offset is added to the 
value of the program counter to be used as the 
effective address. This allows the program to 
branch anywhere in the 64k memory map. Position 
independent code can be easily generated through 
the use of relative branching. Both short (8-bit) and 
long (16-bit) branches are available. 

SYNC 

After encountering a sync instruction, the MPU 
enters a sync state, stops processing instructions, 
and waits for an interrupt. If the pending interrupt 



is non-maskable ( NMI) or maskable (FIRQ, IRQ) 
with its mask bit (F or I) clear, the processor will 
clear the sync state and perform the no rmal in ter- 
rupt stacking and service routine. Since FIRQ and 
IRQ are not edge-triggered, a low level with a 
minimum duration of three bus cycles is required to 
assure that the interrupt will be take n. If the pend- 
ing interrupt is maskable (FIRQ, IRQ) with its mask 
bit (F or I) set, the processor will clear the sync 
state and continue processing by executing the next 
inline instruction. Figure 18 depicts sync timing. 

Software Interrupt 

A software interrupt instruction will cause an 
interrupt, and its associated vector fetch. These 
software interrupts are useful in operating system 
calls, software debugging, trace operations, mem- 
ory mapping, and software development systems. 
Three levels of SWI ar^ available on this HD6309, 
and are prioritized in the following order: SWI, 
SWI2, SWI3. 



Last Cycle sync Last Cycle 

of Previous Oocode of Sync 

Instruction petch . Execute . Sync Acknowledge (Sleep mode) Instruction 

r -r -r "r \ -1 



Q 

Address 

^-^j — r ~)cii)cz > 

R/w; X y V — 

BA [ 
BS ' 



- (^ — X HXZ 
-CZDCZDCZX: 



IRQ 

Mi 

FIRQ 





-ytpcf 

^ 1 Note 2 


^ ViH'i 

0.8V 


|— tpcs 



Notes: 1 If the associated mask bit is set when the interrupt is requeste d, thi s cycle will be an instruction fetch from 
address location PC + 1 .However if the interrupt is accepted (NMI or an unmasked FIRQ or IRQ) interrupt 
processing continues with t his c ycle a s (m) on figures 6 and 7 (interrupt timing). 
2. If mask bits are clear, IRQ and FIRQ must be held low for three cycles to guarantee that interrupt will be 
taken, although only one cycle is necessary to bring the processor out of SYNC. 



Figure 18. Sync Timing 
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16-Bit Operation 

The HD6309 has the capability of processing 16- 
bit data. These instructions include loads, stores, 
compares, adds, subtracts, transfers, exchanges, 
pushes and pulls. 

Cycle~by-Cycle Operation 

The address bus cycle-by-cycle performance 
chart illustrates the memory-access sequence cor- 
responding to each possible instruction and address 
ing mode in the HD6309. Each instruction begins 
with an opcode fetch. While that opcode is being 
internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so 
this technique considerably speeds throughput.) 
Next, the operat ion of each opcode will follow the 
flow chart.VMAJs an indication of FFFFie on the 
address bus, R/W = high and BS = low. The 
following examples illustrate the use of the chart : 
see figure 19. 



Example 1: LBSR (Branch Taken) 
Before Execution SP = FOOO 



$8000 LBSR CAT 



$A000 CAT 



Cycle-by-Cycle Flow 




Cycle # 


Address Data R/W 


Description 


1 


8000 


17 1 


Opcode Fetch 


2 


8001 


IF 1 


Offset High Byte 


3 


8002 


FD 1 


Offset Low Byte 


4 


FFFF 


* 1 


VMA Cycle 


5 


FFFF 


♦ 1 


VMA Cycle 


6 


FFFF 


* 1 


VMA Cycle 


7 


FFFF 


* . 1 


VMA Cycle 


8 


EFFF 


03 


Stack Low Order 








Byte of Return 








Address 


9 


EFFE 


80 


Stack High Order 








Byte of Return 








Address 


Example 2: DEC (Extended) 




$8000 




DEC 


$A000 


$A000 




FCB 


$80 


Cycle-by-Cycle Flow 




Cycle # 


Address Data R/W 


Description 


1 


8000 


7A 1 


Opcode Fetch 


2 


8001 


AO 1 


Operand Address, 








High Byte 


3 


8002 


00 1 


Operand Address, 








Low Byte 


4 


FFFF 


* 1 


VMA Cycle 


5 


AOOO 


80 1 


Read the Data 


6 


FFFF 


* 1 


VMA Cycle 


7 


AOOO 


7F 


Store the Decremented 



Data 

* The data bus has the data at that particular 
address. 
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Notes: 1 . 



Each state s hows 
Data Bus 
Address Bus 



Offset High 



NNNN + 1(2) 



Address NNNN is location of opcode. 
If opcode is two byte opcode subsequent 
Two-byte opcodes are highlighted. 



addresses are in parenthesis ( ) . 



Figure 19. Cycle-by-Cycle Performance 
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0- 



Cs>- 



NNNN+I 

I 



PC High 



Stack 

I 



PC Low 



Stack 

~T~ 



ASLA/B 

ASRA/B 

CLRA/B 

COMA/B 

DAA 

DECA/B 

INCA/B 

LSLA/B 

LSRA/B 

NEGA/B 

NOP 

ROLA/B 

RORA/B 

SEX 

TSTA/B 



Don' 


t Care 


NNN 


N + 1 



NNNN+1 

HZ 



SWI 

SW12| 
SW13[ 



FFFF 

m 



FFFF 

in 



FFFF 



FFFF 

I 



Don't Care 



FFFF 



PC Low(W) 



Stack 

I 



PC High(W) 



Stack 



Stack 

"T" 



U High(W) 



Stack 

HZ 



Stack 

I 



Y High(W) 



Stack 

X 



Stack 

I 



X High(W) 



Stack 



Stack 

X 



A(W) 



CC (W) 



Stack 

ZEZ 



Vector High 



FFFX 

HZ 



FFFX-<-1 

— r~ 



FFFF 

zn 



■<5 



X H»gh 



Y High 



Stack 



PC High 




Don't Care 



SYNC 




Don't Care 


NNN 


N-H 



3-State 
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0- 



Post Byte 
NNNN+1 

zm 



Post Byte 
NNNN-t-1 



X 



FFFF 

T~ 



Don't Care 



FFFF 

in 



FFFF 

T 



Don't Care 



FFFF 

zc: 



FFFF 



Register 



PULU 
PULS 



Post Byte 
NNNN+1 







Stack 




Y HtghfW) 



Don' 


Care 


StJ 


)ck 



-<5 




X High(W) 



Stack 




DP (W) 




B(W) 




A<W) 




-© 
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0- 



> 
3 



Pom Byte 



NNNN + 1(2) 



Don' 


tCsre 


NNNI 


l-i-2(3) 



o 

X 



NNNN+2(3) 
i 



R+A 

R-»^B 



Offset High 



NNNN+2(3) 




X 



NNNN-t-3{4) 

1 



NNNN-»^2(3) 

ZZE 



lnc/0«c 
byl 



FFFF 

T~ 



FFFF 

"T" 



Indwwct Higtt 



XXXX + 1 

zn 



(b 



T 



lnc/0«: 
by2 



FFFF 



FFFF 

in 



NNNN + 

— 7" 



FFFF 

lEI 



NNNN-»-2(3) 



FFFF 



Offset High 
NNNN-K2(3) 



NNNN-^3(4) 



FFFF 

T~ 



FFFF 

~r" 



FFFF 




A Ragtstar Offset 
8 Re^er Offset 
D Register Offset 
A<jt9 Ip9fyntas^ 



Increment by 2 
Decrement by 2 
Program Cowrter 

r«nfe — 

16-Bit Offset 
16-Bit Address 



Pointer Register -t-Oftot Byte 

Pointer Register -(^ Offset High Byte Offset Low Byte 

Pointer Register -t- A Register 
Pointer Registtr+B Re^ster 
Pointer Register +D Register 



Pointer P 
Poimer Register-2 



Program Counter +Off»et Byte 

Progrwn Counter-!^ Offset High Byte. Offset Low Byte 



Address High Byte. Address Low Byte 



« Pointer Register s incremented foNowtng the indexed access 



i.M.M:i:ESJtc>i 



NNNN -1^3(4) 



ro 
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ro 



ADCA/B 
AOOA/B 
ANOA/B 
BITA/B 
CMPA/B 
EORA/B 
LDA/B 
ORA/B 
SBCA/B 
SUBA/B 



Di 




E 


A 



(!>■ 



1 



LDD 
mi 
LDU 
LDX 



Regist 


er{W) 


E 


A 



STD 

JUS 

STU 
STX 



Data High 



ASL.ASR 

CLR.COM 

DECJNC 

LSL.LSR 

NEG.ROL 

ROR 



Register Htgh(W) 



EA 



X 



EA 

X 



Register Low(W) 



EA+1 



Data High 



EA 



LEAS 
LEAU 
LEAX 
LEAY 



EA 



Stack 

I 



PC High(W) 



Stack 



Don't 


Care 


FF 


FF 



Constant Offset 

No Offset 

5- Bit Offset 

a- Bit Offset 

16-Bit Offset 

Accumulator Offset 

A Register Offset 

B Register Offset 

D Register Offset 

Auto Increment/Decrement 

Increment by 1 

Increment by 2 

Decrement by 1 

Decrement by 2 

Program Counter Relative 

8- Bit Offset 

16-Bit Offset 

indirect 

Direct 



Effective Address (EA) 



Pointer Register 

Pointer Register + Post Byte 

Pointer Register + Offset Byte 

Pointer Register -(-Offset High Byte Offset Low Byte 

Pointer Registers A Register 
Pointer Register + B Register 
Pointer Register -t- D Register 

Pointer Register* 
Pointer Register* 
Pointer Register - 1 
Pointer Register -2 

Program Counter + Offset Byte 

Program Counter + Offset High Byte Offset Low Byte 
Indirect High Byte indirect Low Byte 

Direct Page Register Address Low Byte 
Address High Byte Address Low Byte 



Immediate 



NNNN + 1(2) 



♦ Pointer Register is incremented following the indexed access 
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Sleep Mode 



HD6309 Instruction set Tables 



During the interrupt wait period in the SYNC 
instruction (the sync state) and in the CWAI 
instruction (the wait state), MPU operation is halt- 
ed and goes to the sleep mode. However, the state 
of I/O pins is the same as that of the HD6809 in this 
mode. 



The instructions of the HD6309 have been broken 
down into five different categories. They are as 
follows: 

• 8- Bit operation (table 6) 

• 16-Bit operation (table 7) 

• Index register/stack pointer instructions (table 8) 

• Relative branches (long or short) (table 9) 

• Miscellaneous instructions (table 10) 



HD6309 instruction set tables and Hexadecimal 
Values of instructions are shown in table 11 and 
table 12. 



Table 6. 8-Bit 'Accumuiator and Memory Instructions 


IVInemonic( s) 


Operation 


ADCA, ADCd 


Add memory to accumulator with carry 


ADDA, ADDd 


Add memory to accumulator 


AIMDA, ANDd 


AND memory with accumulator 


AOI AOI A AOI D 

AbL, AdLA, AbLD 


Arithmetic shift of accumulator or memory left 


AOO A 0(3 A AOOD 

ASH, ASH A, ASRB 


Arithmetic shift of accumulator or memory right 


dITA, dITB 


Bit test memory with accumulator 


^1 D /^l DA /^l DD 


Clear accumulator or memory location 


CivlPA, CMPB 


Compare memory from accumulator 


UUm, v^UtViA, UUlViD 


Complement accumulator or memory location 


DAA 


Decimal adjust A accumulator 


DEC, DECA, DECS 


Decrement accumulator or memory location 


EORA, EORB 


Exclusive OR memory with accumulator 


EXG R1, R2 


Exchange R1 with R2 (R1, R2=A, B, CC, DP) 


INC, INCA, INCB 


Increment accumulator or memory location 


LDA, LDB 


Load accumulator from memory 


LSL, LSLA, LSLB 


Logical shift left accumulator or memory location 


LSR, LSRA, LSRB 


Logical shift right accumulator or memory location 


MUL 


Unsigned multiply (AxB->D) 


NEG, NEGA, NEGB 


Negate accumulator or memory 


ORA, ORB 


OR memory with accumulator 


ROL, ROLA, ROLB 


Rotate accumulator or memory left 


ROR, RORA. RORB 


Rotate accumulator or memory right 


SBCA, SBCB 


Subtract memory from accumulator with borrow 


STA, STB 


Store accumulator to memory 


SUBA, SUBB 


Subtract memory from accumulator 


TST, TSTA, TSTB 


Test accumulator or memory location 


TFR R1, R2 


Transfer R1 or R2 (R1, R2=A, B, CC, DP) 



Note: A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, PULU) instructions. 
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Table 7. 16-Bit Accumulator and Memory Instructions 
IVInemonic(s) Operation 



ADDD 


Muu MieiTiury lu u duuuiiiuiciiur 


CMPD 


*M»uiTipcirc rTiciTiory iruiii u acuuinuiciiur 


EXG D, R 


Fyrhannp H with Y Y ^ I J nr PC 
UAUIlaliyc L/ Willi /\, T , O, \J ur 


LDD 


Load D accumulator from memory 


SEX 


Sign Extend B accumulator into A accumulator 


STD 


Store D accumulator to memory 


SUBD 


Subtract memory from D accumulator 


TFR D, R 


Transfer D to X, Y, S, U or PC 


TFR R, D 


Transfer X, Y, S, U or PC to D 


Note; D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) instructions. 


Table 8. Index Register /Stack Pointer Instructions 


Mnemonic(s) 


Operation 


CMPS, CMPU 


Compare memory from stack pointer 


CMPX, CMPY 


Compare memory from index register 


EXG R1, R2 


Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 


LEAS, LEAU 


Load effective address into stack pointer 


LEAX, LEAY 


Load effective address into index register 


LDS, LDU 


Load stack pointer from memory 


LDX, LDY 


Load index register from memory 


PSHS 


Push A, B, CC, DP, D, X, Y, U or PC onto hardware stack 


PSHU 


Push A, B, CC, DP, D, X, Y, S or PC onto user stack 


PULS 


Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 


PULU 


Pull A, B, CC, DP, D, X, Y, S or PC from user stack 


STS, STU 


Store stack pointer to memory 


STX, STY 


Store index register to memory 


TFR R1, R2 


Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 


ABX 


Add B accumulator to X (unsigned) 
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Table 9. Branch Instructions 




Mnemonic(s) 


Operation 


Simple Branches 




orallCil II CL|Udl 


BNE, LBNE 


Branch if not equal 


BML LBMI 


Branch if minus 


BPL, LBPL 


Branch if plus 


BCS, LBCS 


Branch if carry set 


BCC, LBCC 


Branch if carry clear 


BVS, LBVS 


Branch if overflow set 


BVC, LBVC 


Branch if overflow clear 


Signed Branches 


BGT, LBGT 


Branch if greater (signed) 


BGE, LBGE 


Branch if greater than or equal (signed) 


BEQ, LBEQ 


Branch if equal 


BLE, LBLE 


Branch if less than or equal (signed) 


BLT, LBLT 


Branch if less than (signed) 


Unsigned Branches 


BHI, LBHI 


Branch if higher (unsigned) 


BHS, LBHS 


Branch if higher or same (unsigned) 


BEQ, LBEQ 


Branch if equal 


BLS, LBLS 


Branch if lower or same (unsigned) 


BLO, LBLO 


Branch if lower (unsigned) 


Other Branches 


BSR, LBSR 


Branch to subroutine 


BRA, LBRA 


Branch always 


BRN, LBRN 


Branch never 


Table 10. Miscellaneous Instructions 




iMnemonic(s) 


Operation 


ANDCC 


AND condition code register 


CWAI 


AND condition code register, then wait for interrupt 


NOP 


No operation 


ORCC 


OR condition code register 


JMP 


Jump 


JSR 


Jump to subroutine 


RTI 


Return from interrupt 


RTS 


Return from subroutine 


SWI, SWI2, SWI3 


Software interrupt (absolute indirect) 


SYNC 


Synchronize with interrupt line 
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Table 11. HD6309 Instruction Set Table 



INSTRUCTIONS/ 
FORMS 



IMP 
ACCM REG 



INDEX® 



OP 



RELATIVE 



0P~® # 



DESCRIPTION 



ASL 



BIT 
BLE 



ADCA 
ADCB 
ADDA 
ADDS 
ADDD 
ANDA 
ANDB 
ANDCC 

ASLA 
ASLB 
ASL 

ASRA 
ASRB 
ASR 

BCC 
LBCC 



BCS 
LBCS 

BEQ 
LBEQ 

BGE 
LBGE 

BGT 
LBGT 

BHI 
LBHI 

BHS 

LBHS 

BITA 
BITB 
BLE 
LBLE 

BLO 
LBLO 

BLS 

LBLS 

BLT 
LBLT 

BMI 
LBMI 



2 + 



10 5(6) 
24 



10 5(6) 
25 
27 
10 5(6) 
27 
2C 
10 
2C 
2E 



10 5(6) 
2E 



10 5(6) 
22 



10 5(6) 
24 



2F 
10 
2F 
25 
10 5(6) 
25 



B+X-^X 

(Unsigned) 
A+M+C-*A 
B + IVH-C->B 
A+M-^A 
B + M->B 
D + M . M + WD 
AAM~>A 
BAM^B 
CCAIMM-^CC 



n-fTTIMl-o 

C b7 bO 



Branch C=0 
Long Branch 
C=0 



Branch C = 1 
Long Branch 

C=1 
Branch Z=1 
Long Branch 

Z=1 

Branch N®V=0 
Long Branch 

N®V=0 
Branch ZV(N®V)=0 
Long Branch 

ZV(N@V)=0 
Branch CVZ=0 
Long Branch 

CVZ=0 
Branch C=0 

Long Branch 

C=0 
Bit Test A (MAA) 
Bit Test B (MAB) 
Branch ZV(N®V) = 1 
Long Branch 

ZV(N®V)=1 
Branch C=1 
Long Branch 

C=1 
Branch CVZ=1 

Long Branch 

CVZ=1 
Branch N®V=1 
Long Branch 

N®V=1 
Branch N = 1 
Long Branch 

N = 1 



(Continued) 
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INSTRUCTIONS/ 
FORMS 


IMP 
ACCM REG 


DIRECT 


EXTND 


IMMED 


INDEX® 


RELATIVE 


OP 




1 


OP 




1 


OP 




# 


OP 




1 


OP 




1 


OP 




1 


BNE 


BNE 
































26 


3 


2 




LBNE 
































10 


5(6) 


4 




































26 






BPL 


BPL 
































2A 


3 


2 




LBPL 
































10 


5(6) 


4 




































2A 






BRA 


BRA 
































20 


3 


2 




LBRA 
































16 


5 


3 


BRN 


BRN 
































21 


3 


2 




LBRN 
































10 


5 


4 




































21 






BSR 


BSR 
































8D 


7 


2 




LBSR 
































17 


9 


3 


BVC 


BVC 
































28 


3 


2 




LBVC 
































10 


5(6) 


4 




































28 






BVS 


BVS 
































29 


3 


2 




LBVS 
































10 


5(6) 


4 




































29 






CLR 


CLRA 


4F 


2 


1 


































CLRB 


5F 


2 


1 


































CLR 








OF 


6 


2 


7F 


7 


3 








6F 


6+ 


2+ 








CMP 


CMPA 








91 


4 


2 


B1 


5 


3 


81 


2 


2 


A1 


4+ 


2+ 










CMPB 








D1 


4 


2 


F1 


5 


3 


CI 


2 


2 


El 


4 + 


2+ 










CMPD 








10 


7 


3 


10 


8 


4 


10 


5 


4 


10 


7 + 


3+ 


















93 






B3 






83 






A3 














CM PS 








1 1 


7 


3 


11 


8 


4 


11 


5 


4 


11 


7 + 


3+ 


















9C 






BC 






8C 






AC 














CMPU 








1 1 


7 


3 


1 1 


8 


4 


1 1 


5 


4 


1 1 


7 + 


3+ 


















93 






B3 






83 






A3 














CMPX 








9C 


6 


2 


BC 


7 


3 


8C 


4 


3 


AC 


6+ 


2+ 










CMPY 








10 


7 


3 


10 


8 


4 


10 


5 


4 


10 


7 + 


3+ 


















9C 






BC 






8C 






AC 












COM 


COMA 


43 


2 


1 


































COMB 


53 


2 


1 


































COM 








03 


6 


2 


73 


7 


3 








63 


6+ 


2+ 








CWAI 




















3C 


no 


2 














DAA 




19 


2 


1 
































DEC 


DECA 


4A 


2 


1 


































DECB 


5A 


2 


1 


































DEC 








OA 


6 


2 


7A 


7 


3 








6A 


6+ 


2+ 








EOR 


EORA 








98 


4 


2 


B8 


5 


3 


88 


2 


2 


A8 


4+ 


2+ 










EORB 








D8 


4 


2 


P8 


5 


3 


C8 


2 


2 


E8 


4+ 


2+ 








EXG 


R1, R2 


1E 


8 


2 
































INC 


INCA 


4C 


2 


1 


































INCB 


5C 


2 


1 


































INC 








OC 


6 


2 


7C 


7 


3 








6C 


6+ 


2+ 








JMP 










OE 


3 


2 


7E 


4 


3 








6E 


3+ 


2+ 








JSR 










9D 


7 


2 


BD 


8 


3 








AD 


7 + 


2+ 









DESCRIPTION 



Branch Z=0 
Long Branch 

Z=0 
Branch N=0 
Long Branch 

N=0 
Branch Always 
Long Branch Always 
Branch Never 
Long Branch Never 



Branch to 

Subroutine 
Long Branch to 

Subroutine 
Branch V=0 
Long Branch 

V=0 
Branch V=1 
Long Branch 

V=1 

0-»A 
0->B 

0- M 

Compare M from A 
Compare M from B 
Compare M : M + 1 

from D 
Compare M : M + 1 

from S 
Compare M : M + 1 

from U 
Compare M : M + 1 

from X 
Compare M : M + 1 

from Y 

A-^A 

1- B 
M-M 

CCAIMM-CC : 

Wait for Interrupt 

Decimal Adjust A 

A-1-A 

B-1-^B 

M-1-^M 

A®M-*A 

B©M->B 

R1-R2(2) 

A+1-»A 

B+1-»B 

M + 1-»M 

EA@-*PC 

Jump to Subroutine 



• 
• 
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INSTRUCTIONS/ 
FORMS 



IMP 
ACCM REG 



INDEXd) 



RELATIVE 



OP~(D # 



DESCRIPTION 



MUL 
NEG 



NOP 
OR 



RTI 
RTS 
SBC 

SEX 



LDA 
LOB 
LDD 
LDS 

LDU 
LDX 
LDY 

LEAS 
LEAU 
LEAX 
LEAY 

LSLA 
LSLB 
LSL 

LSRA 
LSRB 
LSR 



NEGA 
NEGB 
NEG 

ORA 
ORB 
ORCC 
PSHS 

PSHU 

PULS 

PULU 



ROLA 
ROLB 
ROL 

RORA 
RORB 
ROR 



SBCA 
SBCB 



34 5+® 

36 5+® 

35 5+® 

37 5+® 



M->A 
M^B 

M M + WD 
M : M+1-S 

M . M+1->U 
M . M+1-X 
M . M + 

EA®-S 
EA(S)->U 
EA(D->X 
EA(3)-^Y 



[HirmiTK' 



b7 bOC 



AXB-^D 

(Unsigned) 

B + 1-^B 

M + 1->M 

No Operation 

AVM-^A 

BVM-^B 

CCVIMM-^CC 

Push Registers on 

S Stack 
Push Registers on 

U Stack 
Pull Registers 

from S Stack 
Pull Registers 

from U Stack 



'MTTTTni-' 



M J C b7 bO 



C 67 



bO 



Return from 

Interrupt 
Return from 

Subroutine 
A-M-C-^A 
B-M-C-*B 
Sign Extend B into A 
f BWtr-y h7 = 1 FF-^A 
lB(7)tr7h7=0 0-*A 
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INSTRUCTIONS/ 
FORMS 



IMP 
ACCM REG 



INDEX® 



OP 



0P~® # 



DESCRIPTION 



TFR 
TST 



STA 
STB 
STD 
SIS 

STU 
STX 
STY 



SUBA 
SUBB 
SUBD 

S\M2® 

SWI3(D 



R1,R2 
TSTA 
TSTB 
TST 



A-»M 
B^M 

D-M M + 1 

S^M M+1 

U^M M+1 

X^M M + 1 



A-M->A 
B-M-^B 
D-M M + 1-*D 
Software interrupt 1 
Software interrupt 2 

Software interrupt 3 

Synchronize to 

interrupt 
R1-^R2@ 
Test A 
Test B 
Test M 



(NOTES) 



® 
® 



This column gives a base cycle and byte count To obtain total count, and the values obtained from the MDEXED ADDRESSING MODES table 
R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers 
The 8 bit registers are A, B, CC, DP 
The 16 bit registers are X, Y, U, S, D, PC 
EA IS the effective address 

The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled 

5(6) means 5 cycles if branch not taken, 6 cycles if taken 

SWI sets 1 and F bits SW12 and SW13 do not affect I and F 

Conditions Codes set as a direct result of the instruction 

Value of half-carry flag is undefined 

Special Case—Carry set if b7 is SET 

Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise 
LEGEND 

Zero (byte) 

Overflow, 2's complement 
Carry from bit 7 

Test and set if true, cleared otherwise 
Not Affected 
Condition Code Register 
Concatenation 
Logical or 

H Half-carry (from bit 3) A Logical and 

N Negative (sign bit) ® Logical Exclusive or 



OP 



M 



Operation Code (Hexadecimal) 
Number of MPU Cycles 
Number of Program Bytes 
Arithmetic Plus 
Arithmetic Minus 
Multiply 

Complement of M 
Transfer Into 
Half-carry (from bit 3) 
Negative (sign bit) 



Z 
V 

c 

t 

CC 
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Table 12. Hexadecimal Values of Machine Codes 



OP 


Mnem 


M 


ode 




# 


OP 


Mnem 


Mo 






1 


OP 


Mnem 


Mode 




1 


00 


NEG 


Direct 


6 


2 


30 


LEAX 


Indexed 


4 + 


2 + 


60 


NEG 


Indexed 


6+ 


2 + 


01 












31 


LEAY 






4 + 


2 + 


61 












02 


* 










32 


LEAS 


\ 




4 + 


2 + 


62 












03 


COM 






6 


2 


33 


LEAU 


Indexed 


4 + 


2 + 


63 


COM 






6 + 


2 + 


04 


LSR 






6 


2 


34 


PSHS 


Implied 


5 + 


2 


64 


LSR 






6 + 


2 + 


05 


* 










35 


PULS 






5 + 


2 


65 












06 


ROR 






6 


2 


36 


PSHU 






5 + 


2 


66 


ROR 






6 + 


2 + 


07 


ASR 






6 


2 


37 


PULU 






5 + 


2 


67 


ASR 






6 + 


2 + 


08 


ASL, LSL 






6 


2 


38 


* 










68 


ASL, LSL 






6 + 


2 + 


09 


ROL 






6 


2 


39 


RTS 






5 




69 


ROL 






6 + 


2 + 


OA 


DEC 






6 


2 


3A 


ABX 






3 


-I 


6A 


DEC 






6 + 


2 + 


OB 


* 










3B 


RTI 


Implied 


6, 15 




6B 


* 










OC 


INC 






6 


2 


3C 


CWAI 


Immed 


^20 




6C 


INC 






6 + 


2 + 


00 


TST 






6 


2 


3D 


MUL 


Implied 


11 




6D 


TST 






6 + 


2 + 


OE 


JMP 






3 


2 


3E 


* 










6E 


JMP 






3 + 


2 + 


OF 


CLR 


Direct 


6 


2 


3F 


SWI 


Implied 


19 




6F 


CLR 


Indexed 


6 + 


2 + 


10 


See 








_ 


40 


NEGA 


Implied 


2 


<l 


70 


NEG 


Extended 


7 


3 


11 


Next Page 






_ 


_ 


41 


* 










71 












12 


NOP 


implied 


2 


1 


42 


* 










72 


* 










13 


SYNC 


Implied 


S;4 


1 


43 


COMA 






2 




73 


COM 






7 


3 


14 


* 










44 


LSR A 






2 




74 


LSR 






7 


3 


15 


* 










45 


* 










75 


* 










16 


LBRA 


Relative 


5 


3 


46 


RORA 






2 


1 


76 


ROR 






7 


3 


17 


LBSR 


Relative 


9 


3 


47 


ASRA 






2 


1 


77 


ASR 






7 


3 


18 












48 


ASLA, LSLA 






2 




78 


ASL, LSL 






7 


3 


19 


DAA 


implied 


2 


1 


49 


ROLA 






2 


] 


79 


ROL 






7 


3 


1A 


ORCC 


Immed 


3 


2 


4A 


DECA 






2 


1 


7A 


DEC 






7 


3 


1B 


* 










4B 


* 










7B 












1C 


ANDCC 


immed 


3 


2 


4C 


INCA 






2 




7C 


INC 






7 


3 


ID 


SEX 


Implied 


2 


1 


4D 


TSTA 






2 




7D 


TST 






7 


3 


IE 


EXG 




I 


8 


2 


4E 


* 










7E 


JMP 






4 


3 


IF 


TFR 


Implied 


6 


2 


4F 


CLRA 


Implied 


2 


1 


7F 


CLR 


Extended 


7 


3 


20 


BRA 


Relative 


3 


2 


50 


NEGB 


Implied 


2 


1 


80 


SUBA 


Immed 


2 


2 


21 


BRN 






3 


2 


51 


* 










81 


CMPA 






2 


2 


22 


BHI 






3 


2 


52 


* 










82 


SBCA 






2 


2 


23 


BLS 






3 


2 


53 


COMB 






2 


1 


83 


SUBD 






4 


3 


24 


BHS, BCC 






3 


2 


54 


LSRB 






2 


1 


84 


ANDA 






2 


2 


25 


BLO, BCS 






3 


2 


55 


* 










85 


BITA 






2 


2 


26 


BNE 






3 


2 


56 


RORB 






2 


1 


86 


LDA 






2 


2 


27 


BEG 






3 


2 


57 


ASRB 






2 


1 


87 












28 


BVC 






3 


2 


58 


ASLB, LSLB 






2 




88 


EORA 






2 


2 


29 


BVS 






3 


2 


59 


ROLB 






2 




89 


ADCA 






2 


2 


2A 


BPL 






3 


2 


5A 


DECB 






2 




8A 


ORA 






2 


2 


2B 


BMI 






3 


2 


5B 












8B 


ADDA 






2 


2 


2C 


BGE 






3 


2 


5C 


INCB 






2 




8C 


CMPX 


Immed 


4 


3 


2D 


BLT 






3 


2 


5D 


TSTB 






2 




8D 


BSR 


Relative 


7 


2 


2E 


BGT 






3 


2 


5E 












8E 


LDX 


Immed 


3 


3 


2F 


BLE 


Relative 


3 


2 


5F 


CLRB 


Implied 


2 




8F 













Legend: Number of MPU cycles (less possible push pull or indexed-mode cycles) 

# Number of program bytes 

* Denotes unused opcode 
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Table 12. Hexadecimal Values of Machine Codes (Cont.) 



OP 


Mnem 


Mode 




1 


OP 


Mnem 


Mode 




1 


OP 


Mnem 


Mode 




1 


90 


SUBA 


Direct 


4 


2 


C6 


LDB 


Immed 


2 


2 


FC 


LDD 


Extended 


g 


Q 
O 


91 


CMPA 






4 


2 


C7 












FD 


STD 






g 


3 


92 


SBCA 






4 


2 


C8 


EORB 






2 


2 


FE 


LDU 


1 


t 


Q 


3 


93 


SUBD 






Q 


2 


C9 


ADCB 






2 


2 


FF 


STU 


Extended 


Q 


3 


94 


AN DA 






4 


2 


CA 


ORB 






2 


2 














95 


BITA 






4 


2 


CB 


ADDB 






2 


2 














96 


LDA 






4 


2 


CC 


LDD 






3 


3 


2 Bytes Opcode 










1 97 


STA 






4 


2 


CD 
























98 


EORA 






4 


2 


CE 


LDU 


Immed 


3 


3 


1021 


LBRN 


Relative 


g 


4 


99 


ADCA 






4 


2 


CF 












1022 


LBHI 






0(d; 


4 


9A 


ORA 






4 


2 














1023 


LBLS 






5(6) 


4 


9B 


ADDA 






4 


2 


DO 


SUBB 


Direct 


4 


2 


1024 


LBHS, LBCC 






5(6) 


4 


9C 


CMPX 






g 


2 


D1 


CMPB 






4 


2 


1025 


LBCS, LBLO 






5(6) 


4 


9D 


JSR 






~l 


2 


D2 


SBCB 






4 


2 


1026 


LBNE 






OlDJ 


4 


9E 


LDX 






5 


2 


D3 


ADDD 






Q 


2 


1027 


LBEQ 






5(6) 


4 


9F 


STX 


Direct 


5 


2 


D4 


ANDB 






4 


2 


1028 


LBVC 






5(6) 


4 














D5 


BITB 






4 


2 


1029 


LBVS 






5(6) 


4 


AO 


SUBA 


Indexed 


4 + 


2 + 


D6 


LDB 






4 


2 


102A 


LBPL 






5(6) 


4 


A1 


CMPA 






4 + 


2 + 


D7 


STB 






4 


2 


102B 


LBMI 






5(6) 


4 


A2 


SBCA 






4 + 


2 + 


D8 


EORB 






4 


2 


102C 


LBGE 






5(6) 


4 


A3 


SUBD 






6 + 


2 + 


D9 


ADCB 






4 


2 


102D 


LBLT 






5(6) 


A 


A4 


ANDA 






4 + 


2 + 


DA 


ORB 






4 


2 


102E 


LBGT 








4 


A5 


BITA 






4 + 


2 + 


DB 


ADDB 






4 


2 


102F 


LBLE 


Relative 


5(6) 


4 


A6 


LDA 






4 + 


2 + 


DC 


LDD 






5 


2 


103F 


SWI2 


Implied 


20 


2 


A7 


STA 






4 + 


2 + 


DD 


STD 






5 


2 


1083 


CMPD 


Immed 


g 


4 


A8 


EORA 






4 + 


2 + 


DE 


LDU 






5 


2 


108C 


CMPY 


i 




5 


4 


A9 


ADCA 






4 + 


2 + 


DF 


STU 


Direct 


5 


2 


108E 


LDY 


Immed 


4 


4 


AA 


ORA 






4 + 


2 + 














1093 


CMPD 


Direct 


7 


3 


AB 


ADDA 






4-f 


2 + 


EO 


SUBB 


Indexed 


4 + 


2 + 


109C 


CMPY 






7 


3 


AC 


CMPX 






6 + 


2 + 


£1 


CMPB 






4 + 


2 + 


109E 


LDY 


1 


\ 


g 


3 


AD 


JSR 






74- 


2 + 


E2 


SBCB 






4 + 


2 + 


109F 


STY 


Direct 


g 


3 


AE 


LDX 






5 + 


24- 


E3 


ADDD 






6 + 


2 + 


10A3 


CMPD 


Indexed 


74- 


3+ 


AF 


STX 


Indexed 


5 + 


2 + 


E4 


ANDB 






4 + 


2 + 


10AC 


CMPY 






7^ 


3+ 














E5 


BITB 






4 + 


2 + 


10AE 


LDY 


1 


1 


6+ 


3+ 


BO 


SUBA 


Extended 


5 


3 


E6 


LDB 






4 + 


2 + 


10AF 


STY 


Indexed 


6+ 


3+ 


B1 


CMPA 






5 


3 


£7 


STB 






4 + 


2 + 


1083 


CMPD 


Extended 


8 


4 


B2 


SBCA 






5 


3 


E8 


EORB 






4 + 


2 + 


10BC 


CMPY 






g 


4 


B3 


SUBD 






7 


3 


E9 


ADCB 






4 + 


2 + 


10BE 


LDY 


1 


1 


7 


4 


B4 


ANDA 






5 


3 


EA 


ORB 






4 + 


2 + 


10BF 


STY 


Extended 


7 


4 


B5 


BITA 






5 


3 


EB 


ADDB 






4 + 


2 + 


lOCE 


LDS 


Immed 


4 


4 


B6 


LDA 






5 


3 


EC 


LDD 






5 + 


2 + 


10DE 


LDS 


Direct 


g 


3 


B7 


STA 






5 


3 


ED 


STD 






5 + 


2 + 


10DF 


STS 


Direct 


g 


o 
•3 


B8 


EORA 






5 


3 


EE 


LDU 






5 + 


2 + 


10EE 


LDS 


Indexed 


6 + 


3+ 


69 


ADCA 






5 


3 


£P 


STU 


Indexed 


5 + 


2 + 


10EF 


STS 


Indexed 


6+ 


3+ 


BA 


ORA 






5 


3 














10FE 


LDS 


Extended 


7 


4 


B6 


ADDA 






5 


3 


FO 


SUBB 


Extended 


5 


3 


10FF 


STS 


Extended 


7 


4 


BC 


CMPX 






7 


3 


F1 


CMPB 








3 


113F 


SWI3 


Implied 


20 


2 


BD 


JSR 






g 


3 


F2 


SBCB 






g 


o 


1183 


CMPU 


Immed 


g 


4 


BE 


LDX 






6 


3 


F3 


ADDD 






7 


3 


118C 


CMPS 


Immed 


5 


4 


BF 


STX 


Extended 


6 


3 


F4 


ANDB 






5 


3 


1193 


CMPU 


Direct 


7 


3 














F5 


BITB 






5 


3 


119C 


CMPS 


Direct 


7 


3 


CO 


SUBB 


Immed 


2 


2 


F6 


LDB 






5 


3 


11 A3 


CMPU 


Indexed 


7 + 


3+ 


CI 


CMPB 






2 


2 


F7 


STB 






5 


3 


11 AC 


CMPS 


Indexed 


7 + 


3+ 


C2 


SBCB 






2 


2 


F8 


EORB 






5 


3 


11 83 


CMPU 


Extended 


8 


4 


C3 


ADDD 






4 


3 


F9 


ADCB 






5 


3 


11BC 


CMPS 


Extended 


8 


4 


C4 


ANDB 






2 


2 


FA 


ORB 






5 


3 














C5 


BITB 


Imn 


led 


2 


2 


FB 


ADDB 


Extended 


5 


3 















Note All unused opcodes are both undefined and illegal 
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Note for Use 

Compatibility with NMOS MPU (HD6809) 

The difference between HD6309 (CMOS) and 
HD6809 (NMOS) is shown in table 13. 

Execution Sequence of CLR Instruction 

Cycle-by-cycle flow of CLR instruction (direct, 
extended, indexed addressing mode) is shown 
below. In this sequence the contents of the memory 
location specified by the operand is read before 
writing 00 into it. Note that status flags, such as 
IRQ Flag, will be cleared by this extra data read 
operation when accessing the control /status regis- 
ter (sharing the same address between read and 
write) of peripheral devices. 



Example: CLR (Extended) 

$8000 CLR $A000 
$A000 FCB $80 



Cycle # Address Data R/W Description 



1 


8000 


7F 


1 


Opcode Fetch 


2 


8001 


AO 


1 


Operand Address, 
High Byte 


3 


8002 


00 


1 


Operand Address, 
Low Byte 


4 


FFFF 


* 


1 


VMA Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 


* 


1 


VMA Cycle 


7 


AOOO 


00 





Store Fixed 00 into 
Specified Location 



* The data bus has the data at that particular address. 



Table 13. Difference between HD6309 and HD6809 

Item HD6309 (CMOS) HP6809 (NMOS) 

MRDY Stretch Unit integral multiples of half (1/2) bus integral multiples of quarter (1/4) bus 

cycles cycles 



Q r 



MRDY 



1/2 cycle 



tpcSM 



Q r 



MRDY 



1 /4 cycle 



■H tpCSM 



Stretch Time 



bus max 



1 us max 



DMA/BR EQ Auto-refresh 



None 



Executed 



External Clock Input 



XTAL floating 



XTAL grounded 



40 3 

39 :> 
38::> 

37 □ 



XTAL 



■ floating 

-4xCLK 



40 3 

39 D- 



EXTAL Tt TGND 
38P 
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Application Note for System Design 

At the trailing edge of the address bus, the noise 
pulses may appeare on the output signals in 
HD6309. 

Note the noise pulses and the following measures 
against them. 

Noise Occurrence Condition: As shown in figure 
20, the noise pulses which are 0.8 V or over may 
appear on E and Q clocks when the address bus 
changes from high to low. 

If the address buses (Aq -A15, and R/W) change 
from high to low, the transient current flows 
through the GND. The noise pulses are generated 
on the LSI's Vss pins according to the current and to 
the impedance state of the GND wirings. 

Figure 21 shows the noise voltage dependency on 
the each parameter. 

Figure 23 shows the noise voltage dependency on 



the load capacitance of the address bus. 

Note: The noise level should be carefully checked 
because it depends on the each parameter of 
actual application system. 

Noise Reduction: 

1. Control each parameter such as Cd, V cc. Zg in 
figure 21, and the noise level is reduced to be 
allowable. 

2. Insert a bypass capacitor between the Vcc and 
the GND of the HD6309. 

3. Connect the CMOS buffer with noise margin to E 
and Q clocks. 

4. Insert the damping registers to the address bus. 
That is effective for the noise level to reduce less 
than 0.8 V. The damping resistor is about 40-50 
n on the higher byte of the address bus (A 15 — 
Ag )and about 130-140 CL on the lower byte of the 
address bus (A7 - Aq ), and R/W as shown in 
figure 22. Electrical characteristics do not 
change by inserting the damping resistors. 



R/W 
Test condition 
Ta = -20-C 
Vcc = 5.5 V 



Noise <^ 

L. 



f 



f 



Noise peek (worst case) 
: about 1.0 V 



Number of address bus lines switching 

from High to Low = 1 7 
/Address bus $FFFF-^$0000\ 
\R/W High->Low / 



Figure 20. Noise at Address Bus Output Changing 




Figure 21. Dependency of the Noise Voltage on Each Parameter 
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Damping Resistors 

\ 

f — VW^ — |Ao 



130-140QS 



-V\AA- 

-V\A^- Aio 
-VV\A- An 
Ai2 




130-1400 
R/W[-V\AA- 



(Top view) 



Figrure 22. Connecting Damping Resistors to Address Bus 



(V) 
1.0 



0.8 



o 

> 



o 
z 



0.5 



Conditions 
Ta =25-C 
Zfl =0 
N = 17 



Cd = 90 pF 




'Maximum Capaci- 
tance of HD6309 
^Specification 



Vcc = 5.5V 
Vcc = 5.0V 

Vcc=4.5V 



Connecting 
Damping 

Resistors (Vcc= 5 V) 



50 100 (pF) 

Address Bus Load Capacitance C^ 



Figure 23. Dependency of the Noise Voltage on the Load Capacitance of the Address Bus 
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Absolute Maximum Ratings 



Item 


Symbol 


Value 




Unit 


Supply Voltage 


Vcc' 


-0.3 to +7.0 




V 


Input Voltage 




-0.3 to +7.0 




V 


Maximum Output Current 




5 




mA 


Maximum Total Output Current 




100 




mA 


Operating Temperature 


Topr 


-20 to +75 




'C 


Storage Temperature 


^stg 


-55 to +150 




"C 


Notes 1 ,With respect to Vgs (system GND) 

2 Maximum output current is the maximum currents which can flow out from one output terminal and I/O common terminal 
{A0-A15. R/W, D0-D7 , BA. BS, Q, E) 

3 Maximum total output current is the total sum of output currents which can flow out simultaneously from output terminals and 
I/O common terminals (Aq -A-,5, R/W, Dq -D7 , BA, BS, 0, E) 

4 Permanent LSI damage may occur if maximum ratings are exceeded Normal operation should be under recommended 
operating conditions If these conditions are exceeded, it could affect reliability of LSI 


Recommended Operating Conditions 








Item 


Symbol 


Min Typ 


Max 


Unit 


Supply Voltage 


Vcc' 


4.5 5.0 


5.5 


V 


Input Voltage EXTAL 




-0.3 


0.6 


V 


Other Inputs 




-0.3 


0.8 


V 


RES 




Vcc-0.5 


Vcc 


V 


EXTAL 




Vcc X 0.7 


Vcc 


V 


Other Inputs 




2.0 


Vcc 


V 


Operating Temperature 


"^opr 


-20 25 


75 


X 



Note- 1 With respect to Vss (system GND) 
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Electrical Characteristics 

DC Characteristics (Vcc=5.0 V ± 10%, Vss=0 V, Ta=-20 to -}-75°C, unless otherwise noted.) 







HD63B09 




HD63C09 








Itom 


Symbol 


Min Typ 


Max 


Min Typ 


Max 


Unit 


Test Condition 


Input High Voltage 


RES V,H 


Vcc-0.5 


Vcc 


Vcc-0.5 


Vcc 


V 






EXTAL 


VccxO.7 


Vcc 


VccxO.7 


Vcc 








Other Inputs 


2.0 


Vcc 


2.0 


Vcc 






Input Low Voltage 


EXTAL V,L 


-0.3 


0.6 


-0.3 


0.6 


V 






Other Inputs 


-0.3 


0.8 


-0.3 


0.8 






Input Leakage Current Except EXTAL, !,„ 
XTAL 


-2.5 


2.0 


-2.0 


2.5 


//A 


Vin=0tO Vcc, 

\/f>f — max 
V cc ' ' 


Three State (Off State) Dq -D7 


-10 


10 


-10 


10 


A*" 


V.«=0 4 to Vrr 


Input Current 


A0-A15, R/W 


-10 


10 


-10 


10 




\/qq = max 


Output High Voltage 


D0-D7 VoH 


4.1 




4.1 




V 


•LOAD -TKfyjfiry 




^ 


Vcc-0.1 




Vcc-0.1 






•load ^-10// A 




A0-A15, R/W, 


4.1 




4.1 






«LOAD=-400M 




0, E 


Vcc-0.1 




Vcc-0.1 






Iload^-10M 




BA, BS 


4.1 




4.1 






Iload=-'*00aA 






Vcc-0.1 




Vcc-0.1 






Iload^-IOM 


Output Low Voltage 


Vol 




0.5 




0.5 


V 


•load = 2mA 


Input Capacitance 


D0-D7 Qn 




15 




15 


PF 


V,n=OV, 
Ta =25'C, 
f=1MHz 




Except Do -D7 




10 




10 




Output Capacitance 


A0-A15, R/W, Cout 
BA, BS 




12 




12 


PF 




Current Dissipation 


kc 




24 




36 


mA 


Operating 



15 18 Sleeping 
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AC Characteristics (Vcc=5.0 V ± 10%, Vss=0 V, Ta= -20 to +75°C, unless otherwise noted.) 
Clock Timing 

HD63B09 HD63C09 
Item Symbol Min Typ Max Min Typ Max Unit Test Condition 

Frequency of Operation fxjAL 2 8 2 12 MHz Figs. 25, 26 

(Crystal External Input) 



Cycle Time 


tcyc 


500 


2000 333 


2000 


ns 


Total Up Time 


tUT 


480 


310 




ns 


Processor Clock High 


Weh 


220 


5000 140 


5000 


ns 


Processor Clock Low 


tpWEL 


210 


1000 140 


1000 


ns 


E Rise and Fall Time 


tEr, 




20 


20 


ns 


Elow to QHigh Time 


Uvs 


100 


140 70 


100 


ns 


Q Clock High 


WOH 


220 


1000 140 


1000 


ns 


Q Clock Low 


tpWQL 


220 


5000 140 


5000 


ns 


Q Rise and Fall Time 


kin tQf 




20 


20 


ns 


Qlow to Elow Time 




100 


70 




ns 



Bus Timing 

HD63B09 HD63C09 



Item Symbol Min Typ Max Min Typ Max Unit Test Condition 

Address Delay T10 110 ns Figs. 25, 26 



Peripheral Read 
Access Time 

(luT"^D"tDSR = Wc) 




330 


160 


ns 


Data Set Up Time 
(Read) 


tosR 


40 


40 


ns 


Input Data Hold Time 


toHR 


10 


10 


ns 


Address Hold Time Ta = to -I-75°C 




20 


20 


ns 


Ta=-20 to OX 




10 


10 




Data Delay Time 
(Write) 


bow 




110 


70 ns 


Output Hold Time Ta = to + 7 5X 


toHW 


30 


30 


ns 


Ta=-20 to OX 




20 


20 
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Processor Control Timing 

HD63B09 HD63C09 



Item Symbol Min Typ Max Min Typ Max Unit Test Condition 

MRDY Set Up Time tpcsM 110 70 ns Figs. 3-7 

MRDY Set Up Time 2 tpcsM2 240 160 ns Figs. 11,12 

Interrupts Set Up Time tpcs 110 70 ns 

HALT Set Up Time tpcsH 1 1 70 ns 

RES Set Up Time tpcsR 110 110 ns 

DMA/BREQ Set Up Time tpcso 1 1 70 ns 

Processor Control Rise and Fall Timetpcr, 100 100 ns 

Vcf 

Crystal Oscillator Start Time 1f,c 20 20 ms 



5.0V 



Test Point 0~ 



► Rl= 1.8kQ 



P s 



• C= 30 pF (BA, BS) 

130pF (D0-D7, E^) 
90 pF {A0-A15, R/W) 

• R= ^Oka (D0-D7) _ 

lOkn (A0-A15, E, Q, R/W) 
lOkn (BA, BS) 

All diodes are 1S2074(8) or equivalent. 
C includes stray capacitance. 



Figure 24. Bus Timing Test Load 



274 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD63B09, HD63C09 



g Vcc-2.0V^ 



\ -0.8V 



R/W 



Vcc-2.0V 



ADDRvcc-2.0V^ 
BA. BS 0.8V ^ 



tpWEL" 





0.8V/ 



Vcc-2.0V Vcc-2.i 



.ov\ 

^ ^ ^0.8V 



-tAVS- 



-tuT- 



Vcc-2.0V 



\ 



tAH- 



-tACC- 



Data • 



Not Valid 



Data Valid 



toHR 



0.8V 



Figure 25. Read Data from Memory or Peripherals 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 2 7 5 



HD63B09, HD63C09 



Vcc-2.0V 
0.8V 



"tcyc- 

tEr-« 



R/W 



0.8 V 



Vcc - 2.0 V" 

ADDR 

BA, BS 8V^ 



Data 




^cc -2.0 V Vcc -2.0 V 



"tAVS" 



;?^Vccr2.0V Vcc- 2.0 V\ 
0.8V/ ^ eO-8V 



-tAD" 



~tpWQH~ 



-tQE- 



-tpWQL- 



-toDW- 



Data Valid 



Not Valid 



tEf 

0.8V 



Vcc -2 



.OV-/ 



-tAH 



toHW 

-2.0V 



Figure 26. Write Data to Memory or Peripherals 
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HD63B09E,HD63C09E 

CMOS MPU (Micro Processing Unit) 



The HD6309E is the highest 8-bit microprocessor of 
HMCS6800 family, which is just compatible with the con- 
ventional HD6809E. 

The HD6309E has hardware and software features which 
make it an ideal processor for higher level language execution or 
standard controller applications. External clock inputs are 
provided to allow synchronization with peripherals, systems or 
other MPUs. 

The HD6309E is complete CMOS device and the power 
dissipation is extremely low. Moreover, the SYNC and CWAI 
instruction makes low power application possible. 

■ FEATURES 

• Hardware - Interface with All HMCS6800 Peripherals 

• Software - Object Code Compatible with the HD6809E 

• Low Power Consumption Mode (Sleep mode) 

SYNC state of SYNC Instruction 
WAIT state of CWAI Instruction 

• External Clock Inputs, E and Q, Allow Synchronization 

• Wide Operation Range 

f = 0.5 to 3MHz (Vcc=5V±10%) 



Type No. 


Bus Timing 


HD63B09E 


2.0MHz 


HD63C09E 


3.0MHz 




■ PIN ARRANGEMENT 




(Top View) 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


V * 

CC 


-0.3 +7.0 


V 


Input Voltage 




-0.3 - +7.0 


V 


Maximum Output Current 


Hol** 


5 


mA 


Maximum Total Output Current 


ISIol*** 


100 


mA 


Operating Temperature 


''"opr 


-20 -+75 


^C 


Storage Temperature 


^stg 


-55 - +150 


^'C 



• With respect to Vss (SYSTEM GND) 
** Maximum output current is the maximum currents which can flow out from one output terminal and I/O common terminal. 
(Ao ~ A,5 , R/W, Do ~ D, , BA, BS. LIC, AVMA. BUSY) 
*** Maximum total output current is the total sum of output currents which can flow out simultaneously from output terminals and I/O common 

terminals. (Ao ~ A,,, R/W. Do ~ D,, BA, BS, LIC, AVMA, BUSY) 
(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 



■ RECOMMENDED OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc* 


4.5 


5.0 


5.5 


V 


input Voltage 


Logic, rIs 


ViL* 


-0.3 




0.8 


V 


E,a 


ViLC* 


-0.3 




0.4 


V 


Logic 


V|H* 


2.0 




Vcc 


V 


E,Q 


3.0 




Vcc 


V 


RES 


Vcc-0.5 




Vcc 


V 


Operating Temper 


ature 


""opr 


-20 


25 


75 


'^C 



* With respect to Vss (SYSTEM GND) 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc=5.0V±10%, Vss=0V, Ta=- 20 ~ +75° C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


HO63B09E 


HD63C09E 


Unit 


min 


typ* 


max 


min 


typ* 


max 


Input "High" Voltage 


Logic 


V|H 




2.0 






2.0 




Vcc 


V 


E,Q 


V|H 




3.0 




Vcc 


3.0 




Vgc 


V 




V|HR 




Vcc-0.5 




Vcc 


Vcc-0.5 




Vcc 


V 


Input "Low" Voltage 


Logic, RES 


V|L 




-0.3 




0.8 


-0.3 




0.8 


V 


E,Q 


V|LC 




-b.3 




0.4 


-0.3 




0.4 


V 


Input Leakage Current 


Logic, Q, RES 




Vin-0 ~ Vcc.v 
Vcc'"'^'^ 


-2.5 




2.5 


-2.5 




2.5 


mA 


E 


-10 




10 


-10 




10 


HA 


Output "High" Voltage 


Do ~ D, 


VOH 


Iload"-400mA 


4.1 






4.1 






V 


'load^-^OmA 


vcc-0.1 






Vcc-0.1 






Ao - A„ , R/\Rf 


'LOAP"-^OO^A 


4.1 






4.1 






V 


'load^-'OmA 


Vcc-0-1 






Vcc-0.1 






BA, BS, LIC, 
AVMA, BUSY 


' LOAD"-^00^A 


4.1 






4.1 






V 


'load ^-10^ A 


vcc-0-1 






Vcc-0.1 






Output "Low" Voltage 


Vol 


lLOAD=2mA 






0.5 






0.5 


V 


Input Capacitance 


Do~D7, Logic 
input Q, RES 


Cin 


V,n-OV, 

Ta-25°C, 

f-1MH2 




10 


15 




10 


15 


PF 


E 




30 


50 




30 


50 


PF 


Output Capacitance 


Ao~Ai,.R/W, 
BA, BS, LIC, 
AVMA, BUSY 


Cout 


V,n-OV, 

Ta-25"C, 

f-IMHz 




10 


IS 




10 


15 


pF 


Frequency of Operation 


E.Q 


f 




0.5 




2.0 


0.5 




3.0 


MHz 


Three-State (Off State) 
Input Current 


Do ~ D, 




V,n-0.4~Vcc. 


-10 




10 


-10 




10 


mA 


Ao~A,5,R/W 


•tsi 


-10 




10 


-10 




10 


mA 


Current Dissipation 


•cc 


Operating 






20 






30 


mA 


Sleeping 






10 






15 



♦Ta-25''C, Vcc-SV 
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• AC CHARACTERISTICS (Vcc-5.0V±10%, Vss-0, T«»--20 ~ +75*^ unless otherwise noted.) 
1. CLOCK TIMING 



Item 


Symbol 


Test Condition 


HD63B09E 


HD63C09E 


Unit 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


tcyc 


Fig. 1,2 


500 




2000 


333 




2000 




E Clock "Low" 


^WEL 


210 




1000 


140 




1000 




E Clock "High" (Measured at V|h) 


^PWEH 


220 




1000 


140 




1000 


ns 


E Rise and Fall Time 


tEr. tEf 






20 






15 


ns 


Q Clock "High" 


tpWQH 


220 




1000 


140 




1000 


ns 


Q Rise and Fall Time 


tQr. tQf 






20 






15 


ns 


E "Low" to Q Rising 


E "Low"-»<l"High" 


tEQI 


100 






65 






ns 


Q "High" to E Rising 


Q"High"-*E "High" 


tEQ2 


100 






65 






ns 


E "High" to Q Falling 


E "High"->Q"Low" 


tEQ3 


100 






65 






ns 


Q "Low" to E Falling 


Q "Low"-*E "Low" 


tEQ4 


100 






65 






ns 


2. BUS TIMING 


item 


Symbol 


Test Condition 


HD63B09E 


HD63C09E 


Unit 


min 


typ 


max 


min 


typ 


max 


Address Delay 


tAD 


Fig. 1,2 






110 






110 


ns 


Address Hold Time 
(Address, R/W, BA, BS) 


Ta-0~ TB^C 


tAH 


20 






20 






ns 


Ta - -20-0° C 


10 






10 






Peripheral Read Access Times 
(tcyc-tEf-tAD-^DSR-tACC) 


tACC 


330 






185 






ns 


Data Setup Time (Read) 


tDSR 


40 






20 






ns 


Input Data Hold Tinne 


tDHR 


20 






20 






ns 


Data Delay Time (Write) 


tDDW 






110 






70 


ns 


Output Data Hold Time 


Ta-0~75°C 


tDHW 


30 






30 






ns 


Ta - -20~0''C 


20 






20 






3. PROCESSOR CONTROL TIMING 


Item 


Symbol 


Test Condition 


HD63B09E 


HD63C09E 


Unit 


min 


typ 


max 


min 


typ 


max 


Control Delay (BUSY, LIC. AVMA) 


tCD 


Fig. 1,2, 

7~ 10, 
14 and 17 






200 






130 


ns 


Interrupts Set Up Time 


tpcs 


110 






70 






ns 


PTTOTSet Up Time 


tPCS 


110 






70 






ns 


I^Set Up Time 


tpcs 


110 






70 






ns 


TSC Setup. Time 


tpcs 


110 






70 






ns 


TSC Drive to Valid Logic Levels 


nsA 






120 






120 


ns 


TSC Release MOS Buffers to High Impedance 








110 






110 


ns 


TSC Three-State Delay 


*TSD 






80 






80 


ns 


Processor Control Rise/Fall 


*PCr, tpcf 






100 






100 


ns 


TSC Input Delay 


tPCT 


30 






30 






ns 
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(NOTE ) Waveform measurements for all inputs and outputs are specified at logic "High" = V|Hmin ^nd logic "Low" = ViL^ax unless otherwise specified 

Figure 1 Read Data from Memory or Peripherals 



R/W 



Addr. * VCC-2.0V 
BA, BS 0.8V 



ILC 



V|LC- 



-*j — tQr 



•^tAD-^ 



> 



BUSY, 
Lie. 

AVMA_ 



j— tEr 
tpwQH 



tEf- 



tQf— . 



- tDDW- 
VCC-2.0V 



0.8V 
tCD 



-ViLC 



Data Valid 



tDHW 



VCC-2.0V 
0.8V 



(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High" = V|Hmin '09'c "Low" = Vil^^^ ""'ess otherwise specified. 

Figure 2 Write Data to Memory or Peripherals 
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Figure 3 HD6309E Expanded Block Diagram 



RL = i.8kn 



Test Point O- 



C = 30 pF for BA. BS, LIC. AVMA, BUSY 
130 pF for Do ~D7 
90 pF for Ao~A,5,R/W 

R »10 kflfor Do ~D7 

10 ki2for Ao ~A,s. R/W 

10 ktt for BA, BS , LIC, AVMA, BUSY 

All diodes are 1S2074(^ or equivalent. 
C includes stray capacitance. 

Figure 4 Bus Timing Test Load 



■ PROGRAMMING MODEL 

As shown in Figure 5, the HD6309E adds three registers to 
the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
Index Register. 

• Accumulators (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
Register, and is formed with the A Register as the most 
significant byte. 

• Direct Page Register (DP) 

The Direct Page Register of the HD6309E serves to enhance 
the Direct Addressing Mode. The content of this register 
appears at the higher address outputs (Ag Ais) during direct 
addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
cleared during Processor Reset. 
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15 



X - Index Register 



Y - Index Register 



U - User Stack Pointer 



S - Hardware Stack Pointer 



Pointer Registers 



Program Counter 
Accumulators 



DP 


7 










E 


F 


H 


1 1 N 





Direct Page Register 



Z [ V [ C ] CC - Condition Code Register 



Figure 5 Programming Model of The Microprocessing Unit 



• Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
the index register are incremented or decremented to point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as mdex registers. 



- Carry 

- Overflow 

- Zero 

- Negative 

- IRQ Mask 

- Half Carry 
-FIRQ Mask 

- Entire Flag 



• Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. This allows the HD6309E to be used effi- 
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 

(NOTE) The stack pointers of the HD6309E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 

• Program Counter (PC) 

The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the 
processor. Relative Addressing is provided allowing the Program 
Counter to be used like an index register in some situations. 

• Condition Code Register (CC) 

The Condition Code Register defines the state of the 
processor at any given time. See Figure 6. 



Figure 6 Condition Code Register Format 



■ CONDITION CODE REGISTER DESCRIPTION 

• Bit (C) 

Bit is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a 'borrow' from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 

• Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two's complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1. 

• Bit2(Z) 

Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 

• Bit3(N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative two's-complement result will leave N set to a one. 
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• Bit 4 (I) 

Bit 4 is the IRQ mask bit. The processor will not reco gnize 
interrupts from th e IRQ line if this bit is set to a one. NMI, 
FIRQ, IRQ, RES and SWI all set I to a one; SWI2 and SWI3 
do not affect I. 

• Bit 5(H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 

• Bit 6(F) 

Bit 6 is the FIR Q mask bit. The processor will not recognize 
interrupts from the FIRQ line if this b it is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not 
affect F. 

• Bit 7(E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 

■ HD6309E MPU SIGNAL DESCRIPTION 

• Power (VSS, Vcc) 

Two pins are used to supply powei to the part: Vss is 
ground or volts, while Vcc is +5.0 V ±10%. 

• Address Bus (Ao ^ A^s ) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF16, R/W = "High", and BS = "Low"; this is a "dummy 
access" or VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is "High" or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 

• Data Bus (Do D7) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 

• Read/Write (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A "Low]* indicates that the MPU is writing data^nto 
the data bus. R/W is made high impedance when BA is "High" 
or when TSC is asserted. Refer to Figures 1 and 2. 

• RlS 

A "Low" level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFEi^ and FFFFu 
(Table 1) when Interrupt Acknowledge is true, (BA • BS = 1). 
During initial power-on, the Reset line should be held "Low" 
until the clock input signals are fully operational. 

Because the l4)6309E Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 



This higher threshold voltage ensures that all peripherals are 
out of the reset state before the Processor. 



Table 1 Memory Map for Interrupt Vectors 



Memory Map for Vector 
Locations 


Interrupt Vector 
Description 


MS 


LS 


FFFE 


FFFF 


RES 


fFFC 


FFFD 


NMT 


FFFA 


FFFB 


SWI 


FFF8 


FFF9 


IRQ 


FFFO 


FFF7 


fTrq 


FFF4 


FFF5 


SWI2 


FFF2 


FFF3 


SWI3 


FFFO 


FFF1 


Reserved 



• RTOr 

A "Low" level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven "High" indicating the buses are high impedance. BS 
is also "High" which indicates the processor is in the Halt state. 
While hal ted, th e MP U will not respo nd to ex ternal real-time 
requests (FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run nor mally. A halted stat e (BA • BS = 1) can be 
achieved by pulling HALT "Low" while RES is still "Low". See 
Figure 8. 

• Bus Available, Bus Status (BA, BS) 

Th^ Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes "Low", a dead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. 



The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 



MPU State 


MPU State Definition 


BA 


BS 








Normal (Running) 





1 


Interrupt or RESET Acknowledge 


1 





SYNC Acknowledge 


1 


1 


HALT Acknowledge 



Iiitemipt Acknowledge is indica t ed dur i ng bo th cycles of a 
hardware-vector-fetch (RES, Mil, FIRQ, IRQ, SWI, SWI2. 
SWI3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 
1. 

Sync Adcnowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6309E is in a 
Halt condition. 
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Figure 8 HALT and Single Instruction Execution for System Debug 
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• Non Maskable Interrupt (NMD* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibi t ed by the program, and also has a 
higher priority tha n FIR Q, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first progra m loa d of the Hardware Stack Pointer (S). 
The puls e width of NMI low must be at least one E cycle. If 
the NMI input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9. 



• Fast- Interrupt Request (FIRQ)* 

A "Low" level on this input pin will initiate a fast interrupt 
sequence, provided its mask bit (F) in the CC is clear. This 
seque nce has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 

• Interrupt Request (IRQ)* 

A "Low" level input on this pin will initiate an Interrupt 
Requ est se quence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entir e machine st ate it provides a slower 
respo nse to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the interrupt before doing an RTI. See Figure 9. 

• NMI. I IRQ, and TrO requests are sampled on the falling edge of 0- 
One cycle is required for synchronization before these interrupts are 
recogni/ed. The pending interrupt! s) will not be serviced until 
completion of the cur rent instr uction unless a SYNC or CWAl 
condition is present. If IRQ and FIRQ do not remain "Low" until 
completio n of the current instiuction they may not be recognized. 
However, NMI is latched and need only remain "Low" for one cycle. 



• Clock Inputs E, Q 

E and Q are the clock signals required by the HD6309E. 
Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tAo 3^^^^ the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures 1 and 2 while Figure 1 1 shows a 
simple clock generator for the HD6309E. 

• BUSY 

Busy will be "High" for the read and modify cycles of a read- 
modify-write instruction and during the access of the first byte 



of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also "High" during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 
defer the re arbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required for a "test-and-set" primi- 
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 
Figure 12. Timing information is given in Figure 13. Busy is 
valid tcD after the rising edge of Q. 

• AVMA 

AVMA is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi- 
processor systems. AVMA is "Low" when the MPU is in either a 
HALT or SYNC state. AVMA is valid tcD after the rising edge 
of Q. 

• Lie 

Lie (Last Instruction Cycle) is "High" during the last cycle 
of every instruction, and its transition from "High" to "Low" 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be "High" when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid tcu after the rising edge of Q. 

• TSC 

TSC__(Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) will not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con- 
trollers). _ 

While E is "Low'', TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are in a 
high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in a high-impedance state for the 
remainder of the bus cycle. See Figure 14. 

• MPU Operation 

During normal operation, the MPU fetches an instruction 
from memory and th en exe cutes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are : SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HALT 
input can also alter the normal execution of instructions. 
Figure 1 5 illustrates the flow chart for the HD6309E. 
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Figure 9 IRQ and NMI Interrupt Timing 
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Figure 10 FIRQ Interrupt Timing 
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To MPU and MPU System 



NOTE If optional circuit is not included the CLR and PRE 
inputs of U2 and U3 must be tied high 



Figure 1 1 HD6309E Clock Generator 
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Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect) 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High" = Vimfpjp and logic "Low" — V|^|^3)( unless otherwise specified. 

Figure 13 BUSY Timing (ASL Extended Indirect Instruction) 
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Figure 14 TSC Timing 
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■ ADDRESSING MODES 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6309E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6309E has 59 
basic instructions; however, it recognizes 1464 different varia- 
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6309E: 

( 1 ) Implied (Includes Accumulator) 

(2) Immediate 

(3) Extended 

(4) Extended Indirect 

(5) Direct 

(6) Register 

(7) Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 

(8) Indexed Indirect 

(9) Relative 

( 1 0) Program Counter Relative 

• Implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 

• Immediate Addressing 

In Immediate Addressing, the effective address of the data 
is the location immediately following the opcode (i.e., the data 
to be used in the instruction immediately follows the opcode 
of the instruction). The HD6309E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with Immediate 
Addressing are: 

LDA #$20 

LDX #$F000 

LDY #CAT 

(NOTE) # signifies immediate addressing, $ signifies hexa- 
decimal value. 

• Extended Addressing 

In Extended Addressing, the contents of the two bytes im- 
mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 

STX MOUSE 

LDD $2000 

• Extended Indirect 

As a special case of indexed addressing (discussed below), 
one level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 

LDA [CAT! 

LDX [$FFFE] 

STU [DOG] 



• Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The upper 
8 bits of the address are supplied by the direct page register. 
Since only one byte of address is required .in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, direct 
addressing on the HD6309E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in direct addressing. 
Some examples of direct addressing are: 
LDA $30 

SETDP $10 (Assembler directive) 
LDB $1030 
LDD <CAT 

(NOTE) < is an assembler directive which forces direct 
addressing. 

• Register Addressing 

Some opcodes are followed by a byte that defines a register 
or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 
TFR X,Y Transfer X into Y 
EXG A, B Exchanges A with B 
PSHS A,B,X,Y Push Y,X, Band A onto S 
PULU X, Y, D Pull D, X, and Y from U 

• Indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure 16 lists the legal formats for the 
postbyte. Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 
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Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 



Type 


Forms 


Non Indirect 


Indirect 


Assembler 
Form 


Postbyte 
OP Code 
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# 


Assembler 
Form 


Postbyte 
OP Code 
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(2's Complement Offsets) 


No Offset 


,R 


1RR00100 








(.R] 
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R = X,Y. UorS RR: 

X = Don't Care 00 = X 
01 =Y 

10 = U 

11 =S 

iand J indicate the number of additional cycles and bytes for the particular variation. 



Zero-Offset indexed 

In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 
Examples are : 
LDD 0, X 
LDA S 

Constant Offset Indexed 

In this mode, a two's-complement offset and the contents 
of one of the pointer registers are added to form the effective 
address of the operand. The pointer register's initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 
5-bit (-16 to +15) 
8-bit (-128 to +127) 
16-bit (-32768 to +32767) 

The two's complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and cycles. 
The two's complement 8-bit offset is contained in a single byte 
following the postbyte. The two's complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 

Examples of constant-offset indexing are: 
LDA 23, X 
LDX ~2, S 



LDY 300, X 
LDU CAT, Y 

Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two's-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 
Some examples are: 

LDA B, Y 

LDX D, Y 

LEAX B, X 

Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or 
for ti.e creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address -of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre- 
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decrement, post-increment nature of these modes allow th^m 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 

LDA , X + 

STD , Y + + 

LDB , - Y 

LDX , - - S 

Care should be taken in performing operations on I6'bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 
STX 0, X + + (X initialized to 0) 
The desired result is to store a in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

-> temp calculate the EA; temp is a holding register 
X + 2 -►'X perform autoincrement 
X (temp) do store operation 

• Indexed Indirect 

All of the indexing modes with the exception of auto 
increment/decrement by one, or a ±4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index Register and an 
offset. 

Before Execution 
A = XX (don't care) 
X = $FOOO 

$0100 LDA[$10,X1 EAisnow$F010 

$F010 $F1 $F150isnowthe 
$F011 $50 newEA 

$F150 $AA 

After Execution 

A = $AA (Actual Data Loaded) 

X = $F000 

All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 

LDA I, X] 

LDD [10, S] 

LDA [B,Y] 

LDD (, X + + 1 

• Relative Addressing 

The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true then the calculated address 
(PC -t- signed offset) is loaded into the program counter. 
Program execution continues at the new location as indicated 
by the PC; short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of memory can be 
reached in long relative addressing as an effective address is 
interpreted modulo 2*^ . Some examples of relative addiressing 
are: 

BEQ CAT (short) 
BGT DOG (short) 



CAT LBEQ RAT Oong) 
DOG LBGT RABBIT (long) 



RAT NOP 
RABBIT NOP 

• Program Counter Relative 

The PC can be used as the pointer register with 8 or 16-bit 
signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT, PCR 
LEAX TABLE, PCR 

Since program counter relative is a type of indexing, an 
additional level of indirection is available. 
LDA [CAT, PCR] 
LDU [DOG, PCR] 

■ HD6309E INSTRUCTION SET 

The instruction set of the HD6309E is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464. 

Some of the instructions are described in detail below: 

• PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 

• PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 

PUSH/PULL POST BYTE 



I— • cc 



Pull Order Push Order 

PC U Y X DP B A CC 

FFFF increasing memoiy address 0000 

PC S Y X DP B A CC 
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• TFR/EXG 

Within the HD6309E, any register may be transferred to or 
exchanged with another of Hke-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4~7 of postbyte define the source register, while 
bits 0~3 represent the destination register. These are denoted 
as follows: 



Table 3 LEA Examples 



0000 - D 

0001 -X 
0010 -Y 
001 1 - U 
0100 - S 



0101 -PC 
1000 -A 
1001 -B 
1010 -CC 
1011 - DP 



(NOTE) All other combinations are undefined and INVALID. 



TRANSFER/EXCHANGE POST BYTE 



~l 1 1 1 1 1 1 — 

SOURCE DESTINATION 
-I I I I I I » 



• LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 
LEAX MSG1,PCR 
LBSR PDATA (Print message routine) 



MSGl FCC 



'MESSAGE' 



This sample program prints: 'MESSAGE'. By writing MSGl, 
PCR, the assembler computes the distance between the present 
address and MSGl. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSGl into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1 . b -> temp (calculate the EA) 

2. b + 1 b (modify b, postincrement) 

3. temp a (load a) 

LEAa, - b 

1. b — 1 temp (calculate EA with predecrement) 

2. b ~ 1 b (modify b, predecrement) 

3. temp ->a (load a) 

Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, -X does decrement X. LEAX 1, X should be 
used to increment X by one. 



Instruction 


Operation 


Comment 


LEAX 10. X 


X + 10 X 


Adds 5-bit constant 1 to X 


LEAX 500, X 


X + 500 -> X 


Adds 1 6 bit constant 500 to X 


LEAY A, Y 


Y + A Y 


Adds 8-bit A accumulator to Y 


LEAY D, Y 


Y + D Y 


Adds 16-bit D accumulator to Y 


LEAU -10. U 


U- 10 


Subtracts 10 from U 


LEAS -10. S 


S - 10 ->s 


Used to reserve area on stack 


LEAS 10, S 


S + 10 -^s 


Used to 'clean up' stack 


LEAX 5, S 


S + 5 X 


Transfers as well as adds 



• MUL 

Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 

Long and Short Relative Branches 

The HD6309E has the capability of program counter 
relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken, the 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated through the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 

• SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and wait s for an 
interrupt. If the pend ing interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perf orm th e no rmal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the i nterru p t wil l 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 

Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SWI are available on this 
HD6309E, and are prioritized in the following order: SWI, 
SWI2, SWI3. 

16-Bit Operation 

The HD6309E has the capabihty of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 

■ CYCLE-BY-CYCLE OPERATION 

The address bus cycle -by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6309E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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technique considerably speeds throughput. ) Nex t, the operation 
of each opcode will follow the fIow_chart. VMA is an indication 
of FFFF,6 on the address bus, R/W = "High" and BS = "Low". 
The following examples illustrate the use of the chart; see 
Figure 18. 

Example 1 : LBSR (Branch Taken) 
Before Execution SP = FOOO 



$8000 



$A000 CAT 



LBSR 



CAT 



CYCLE-BY-CYCLE FLOW 



>'cle# 


Address 


Data 


1 


8000 


17 


2 


8001 


IF 


3 


8002 


FD 


4 


FFFF 


« 


5 


FFFF 


* 


6 


FFFF 


* 


7 


FFFF 


♦ 


8 


EFFF 


03 


9 


EFFE 


80 



Description 
Opcode Fetch 
Offset Higli Byte 
Offse t Low Byte 
VMA Cycle 
VMA Cycle 
VMA Cycle 
VMA Cycle 
Stack Low Order 
Byte of Return 
Address 

Stack High Order 
Byte of Return 
Address 



■ SLEEP MODE 

During the interrupt wait period in the SYNC instruction 
(the SYNC state) and that period in the CWAI instruction 
(the WAIT state), MPU operation is halted and goes to the 
sleep mode. However, the state of I/O pins is the same as that 
of the HD6809E in this mode. 

■ HD6309E INSTRUCTION SET TABLES 

The instructions of the HD6309E have been broken down 
into five different categories. They are as follows: 
8-Bit operation (Table 4) 
16-Bit operation (Table 5) 
Index register/stack pointer instructions (Table 6) 
Relative branches (long or short) (Table 7) 
Miscellaneous instructions (Table 8) 

HD6309E instruction set tables and Hexadecimal Values of 
instructions are shown in Table 9 and Table 1 0. 



Example 2: DEC (Extended) 

$8000 DEC $A000 

$A000 FCB $80 

CYCLE-BY-CYCLE FLOW 



cle# 


Address 


Data 


R/W 


Description 


1 


8000 


7A 


1 


Opcode Fetch 


2 


8001 


AO 


1 


Operand Address, 
High Byte 


3 


8002 


00 


1 


Operand Address, 
Low Byte 


4 


FFFF 


* 


1 


VMA Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 


* 


1 


VMA Cycle 


7 


AOOO 


7F 





Store the Decre- 
mented Data 



* The data bus has the data at that particular address. 
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1 



3: 






ST 
o 












> 






3 






CD 






o' 












a. 




E 


• 












53" 




Q 


o 
zr 






Pia; 




Address 








• 

ro 




Data 


o 






o 
o 






CO 


# 


R/W 


cd" 






ra Point 1 


HITA 


BA 


Pkwy. 





BS 


I 




• 




AVMA 


CO 






c75" 
cr 




LiC 








=3 
CO 




irQ 


o 




nmT 


> 

CO 

-lii. 




fTrS 






o 






o 

CJ1 












CO 






• 


















cn 
oo 

CO 










oo 






CO 






o 
o 







Last Cyde Sync 
of Previous Opcode 
.instruction. Fetch , Execute , 



Sync Acknovuledge 

N 



(Sleep mode) 



Last Cycle 
of Sync 
.Instruction, 




'PCS 



(NOTES) 1 . if the a»ociated nnasic bit is set when the interrupt is requested. LIC will go "Low " and th is cycle will be an instruction fetch from address 
location PC -i- 1. However, if the interrupt is accepted (NMI or an unmasked FIRQor IRQ) LIC will remain "High" and interrupt processing 
will start with this cyde as (m) o n Figu re 9 and 10 (Interrupt Timing). 

2. If mask bits are dear, IRQ and FIRQ must be held "Low" for three cycles to guarantee that interrupt will be taken, althou^ only one cycle 
is necenary to bring the processor out of SYNC. 

3. Waveform measurements for all inputs and ou^iuts are speafied at logic "High" = V|Hmin \ogic "Low" = V||_rn,x unless otherwise 
specified. 

Figure 17 SYNC Timing 



CD 



lO 




(NOTE) 

1 . Busy = "High" during access of first byte of double byte immediate load. 

2. Write operation during store instruction . Busy = "High" during first two cycles of a double-byte access and the first cycle of read -modify -write access. 

3. AVMA is asserted on the cycle before a VMA cycle. 



Figure 18 Address Bus Cycle-by -Cycle Performance 



Implied Page 



> 
3 



2 



^0 

M 



o 
> 



O 
O 



ASLA 

ASLB 

ASRA 

ASRB 

CLRA 

CLRB 

COMA 

COMB 

DAA 

DECA 

DECB 

INCA 

INCB 

LSLA 

LSLB 

LSRA 

LSRB 

NEGA 

NEGB 

NOP 

ROLA 

ROLB 

RORA 

RORB 

SEX 

TSTA 

TSTB 



VMA 
VMg 

VMA 



PSHU 
PSHS 



PULU 


SWI 


PULS 


SWi2 




SWi3 




VMA 



ADDR 
I 

VMA 



STACK (R) 



(stack (W)} V 



(Note 3) 



(stack (RJ) I 
(Note 3) ° 



STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 

STACK (W) STACK (W) 



ADDR SP VMA 



(Note 4) 




VECTOR (H), VECTOR (H), 

BUSY ^ 1 BUSY t- 1 
VECTOR (L), VECTOR (L), ADDR *-SP 

BUSY<t-0 BUSY^O 



VMA 



VMA 



CO 

o 
o 



(NOTES) 



Stack (W) refers to the foilowring sequence: SP SP - 1 . then ADDR SP with R/W = "Low" 
Stack (R) refers to the following sequence: ADDR *-SP with HfH = "Hig^". then SP *-SP + 1 . 

PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS. PULS use the hardware stack pointer (i.e., SP = S). 

Vector refers to the address of an interrupt or reset vector (see Table 1 }. 

The nutnber of stack accesses vwll vary according to the number of bytes saved. 

VMA cycles will occur until an interrupt occurs. 



N3 
CD 
CD 
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Non-Implied 



ADCA 

ADCB 

ADDA 

ADDB 

ANDA 

ANDB 

BITA 

BITB 

CMPA 

CMPB 

EORA 

EORB 

LDA 

LDB 

ORA 

ORB 

SBCA 

SBCB 

STA 

STB 

SUBA 

SUBB 



LDD 
LDS 
LDU 
LDX 
LDY 

ANDCC 
ORCC 



ASL 
ASR 
CLR 
COM 
DEC 
INC 
LSL 
LSR 
NEG 
ROL 
ROR 



VMA, BUSY ^ 
ADDR + 
BUSY <-0 



ADDR + 



ADDD 
CMPD 
CMPS 
CMPU 
CMPX 
CMPY 
SUBD 



JSR 



STD 
STS 
STU 
STX 
STY 



VMA 

STACK m 

STACK (W) 



VMA 
VMA 



ADDR H 



(NOTES) 

1 . Stack (W) refers to the foljowing sequence: SP *- SP — 1, 
then ADDR ^SP with R/W = "Low" 

Stack (R) refers to the following sequence: ADDR with 
RAA/ = "High", then SP <- SP + 1 
PSHU, PULU instructions use the user stack pointer (i.e., 
SP = U) and PSHS, PULS use the hardware stack pointer 
(i e , SP = S) 

2. Vector refers to the address of an interrupt or reset vector 
(see Table 1). 

3. The number of stack accesses will vary according to the 
numb er of bytes saved. 

4. VMA cycles will occur until an interrupt occurs 



ADDR + (W) 



Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 



Table 4 8-Bit Accumuidtor and Memory Instructions 



MnenrK)nic( s) 


Operation 


ADCA, ADCB 


Add memory to accumulator with carry 


ADDA, ADDB 


Add memory to accumulator 


ANDA, ANDB 


And memory with accumulator 


ASL, ASLA, ASLB 


Arithmetic shift of accumulator or memory left 


ASR, ASRA, ASRB 


Arithmetic shift of accumulator or memory right 


BITA, BITB 


Bit test mertidry with accumulator 


CLR,CLRA, CLRB 


Clear accumulator or mennory location 


CMPA, CMPB 


Compare memory from accumulator 


COM, COMA, COMB 


Complennent accumultor or menDory location 


DAA 


Decimal adjust A accumulator 


DEC, DECA, DECB 


Decrement accumulator or memory location 


EORA, EORB 


Exclusive or memory with accumulator 


EXG R1, R2 


Exchange R1 with R2 {Rl, R2 = A, B, CC. DP) 


INC, INCA, INCB 


Increment accumulator or mennory location 


LDA. LDB 


Load accumulator from memory 


LSL, LSLA, LSLB 


Logical shift left accumulator or memory location 


LSR, LSRA, LSRB 


Logical shift right accumulator or memory location 
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Table 4 8-Bit Accumulator and Memory Instructions (Continued) 



Mnemonic! s) 


Operation 


MUL 


Unsigned multiply (A x B ~^ D) 


NEG, NEGA, NEGB 


Negate accumulator or memory 


ORA, ORB 


Or memory with accumulator 


ROL, ROLA, ROLB 


Rotate accumulator or memory left 


ROR. RORA. RORB 


Rotate accumulator or memory right 


SBCA, SBCB 


Subtract nrwmory from accumulator with borrow 


STA, STB 


Store accumulator to memory 


SUBA, SUBB 


Subtract memory from accumulator 


TST, TSTA, TSTB 


Test accumulator or memory location 


TFR R1, R2 


Transfer R1 to R2 (R1. R2 = A, B, CC, DP) 


(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PULS, PULU) instructions. 




Table 5 16-Bit Accumulator and Memory Instructions 


Mnemonic(s) 


Operation 


ADDD 


Add memory to D accumulator 


CMPD 


Compare memory from accumulator 


EXG D. R 


Exchange D with X, Y, S. U or PC 


LOD 


Load D accumulator from mennory 


SEX 


Sign Extend B accumulator into A accumulator 


STD 


Store D accumulator to memory 


SUBO 


Subtract memory from D accumulator 


TFR D, R 


Transfer D to X. Y, S, U or PC 


TFR R,D 


Transfer X, Y, S, U or PC to D 



(NOTE) O may be pushed (pulled) to either stack with PSHS. PSHU (PULS, PULU) 
instructions. 



Table 6 Index Register Stack Pointer Instructions 



Mnenrx)nic(s) 


Operation 


CMPS, CMPU 


Compare nriemory from stack pointer 


CMPX, CMPY 


Compare memory from irxlex register 


EXG Rl, R2 


Exchange D. X. Y, S, U or PC with D. X. Y, S, U or PC 


LEAS. LEAU 


Load effective address into stack pointer 


LEAX. LEAY 


Load effective address into index register 


LOS. LOU 


Load stack pointer from memory 


LDX. LDY 


Load index register from memory 


PSHS 


Push A. B, CC, OP, D, X, Y, U, or PC onto hardware stack 


PSHU 


Push A. B. CC, DP, D. X, Y, S, or PC onto user stack 


PULS 


Pull A, B. CC, DP, D. X, Y, U or PC from hardware stack 


PULU 


Pull A, B, CC. DP, D, X, Y, S or PC from user stack 


STS, STU 


Store stack pointer to menrwry 


STX.STY 


Store index register to menrwry 


TFR R1.R2 


Transfer D, X, Y. S, U or PC to D. X, Y. S, U or PC 


ABX 


Add B accumulator to X (unsigned) 
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Table 7 Branch Instructions 



MnenrTonic(s) 


Operation 


SIMPLE BRANCHES 


BEQ, LBEQ 


Branch If equal 


BNE. LBNE 


Branch if not equal 


BMl, LBMI 


Branch if minus 


BPL, LBPL 


Branch if plus 


BCS, LBCS 


Branch if carry set 


BCC. LBCC 


Branch if carry clear 


BVS, LBVS 


Branch if overflow set 


BVC. LBVC 


Branch if overflow clear 


SIGNED BRANCHES 


BGT, LBGT 


Branch if greater (signed) 


BGE, LBGE 


Branch if greater than or equal (signed) 


BEQ, LBEQ 


Branch if equal 


BLE. LBLE 


Branch if less than or equal (signed) 


BLT, LBLT 


Branch if less than (signed) 


UNSIGNED BRANCHES 


BHI, LBHI 


Branch if higher (unsigned) 


BHS, LBHS 


Branch if higher or same (unsigned) 


BEQ, LBEQ 


Branch if equal 


BLS, LBLS 


Branch if lower or same (unsigned) 


BLO, LBLO 


Branch if lower (unsigned) 


OTHER BRANCHES 


BSR, LBSR 


Branch to subroutine 


BRA, LBRA 


Branch always 


BRN, LBRN 


Branch never 



Table 8 Miscellaneous Instructions 



Mnemonic(s) 


Operation 


ANDCC 


AND condition code register 


CWAI 


AND condition code register, then wait for interrupt 


NOP 


No operation 


ORCC 


OR condition code register 


JMP 


Jump 


JSR 


Jump to subroutine 


RTI 


Return from interrupt 


RTS 


Return from subroutine 


SWI, SWI2, SWI3 


Software interrupt (absolute indirect) 


SYNC 


Synchronize with interrupt line 
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Table 9. HD6309E Instruction Set Table 



INSTRUCTIONS/ 
FORMS 



OP ~ 



INDEX0 



OP ~(5) t 



DESCRIPTION 



BIT 
BLE 



ADCA 
ADCB 
ADDA 
ADDB 
ADDD 
ANDA 
ANDB 
ANDCC 

ASLA 
ASLB 
ASL 

ASRA 
ASRB 
ASR 

BCC 
LBCC 



BCS 
LBCS 

BEQ 
LBEQ 

BGE 
LBGE 

BGT 
LBGT 

BHI 
LBHI 

BHS 

LBHS 

BITA 
BITB 
BLE 
LBLE 

BLO 
LBLO 

BLS 

LBLS 

BLT 
LBLT 

BMI 
LBMI 



B + X-X 

(UNSIGNED) 
A+M+C-A 
B+M+C-B 
A + M-^A 
B + M-^B 
D+MM+ 1 -D 
AAM-A 
BAM-B 
CCAIMM-CC 



C b. 



: qriTTTTTM] 



bo C 



Branch C = 
Long Branch 

C = 



Branch C = 1 
Long Branch 

C= 1 
Branch Z = 1 
Long Branch 

Z= 1 

Branch N©V = 
Long Branch 
N©V = 
Branch ZV(N®V)=0 
Long Branch 

ZV(N©V)= 
Branch Cv Z = 
Long Branch 

Cvz = o 

Branch C = 

Long Branch 

C = 
Bit Test A (MAA) 
Bit Test B (MAB) 
Branch ZV(N©V)=1 
Long Branch 

ZV(N©V)= 1 
Branch C = 1 
Long Branch 

C= 1 
Branch Cv Z = 1 

Long Branch 

CVZ = 1 
Branch N®V = 1 
Long Branch 

N®V= 1 
Branch N = 1 
Long Branch 

N= 1 



(Continued) 
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INSTRUCTIONS/ 
FORMS 


ACC 




KK(. 


DIRECT 


EXTND 


IMMED 


INDEX® 


RELATIVE 


OP 






OP 






OP 


- 


t 


OP 




* 


OP 




t 


OP 


~(D 




BNK 


BNE 
































2 6 








LBNE 
































1 


5(6 


4 




































2 6 






BI'L 


BPL 
































2A 


3 


2 




LBI'L 
































1 


5(6 


4 




































2A 






HKA 


BKA 
































20 


3 


2 




LBKA 
































1 6 


5 


3 


BKN 


BKN 
































2 1 


3 


2 




LBKN 
































1 


5 


4 




































2 1 






HSK 


BSK 
































8 D 


7 


2 




LBSK 
































1 7 






BVC 


BVC 
































2 8 


3 


2 




LBVC 
































1 


5(6) 


4 




































2 8 






BVS 


BVS 
































2 9 


3 


2 




LBVS 
































1 


5(6) 


4 




































2 9 






CLR 


CLRA 


4 F 


2 


1 


































CLRB 


5F 


2 


1 


































CLR 








F 


6 


2 


7 F 


7 


3 








6 F 


6 + 


2 + 








CMP 


CMPA 








9 1 


4 


2 


H 1 


5 


3 


8 1 


2 


2 


A 1 


4 + 


2 + 










CMPB 








D 1 


4 


2 


F 1 


5 


3 


C 1 


2 


2 


E 1 


4 + 


2 + 










CMPD 








1 


7 


3 


1 




4 


1 


5 


4 


1 


7 + 


3 + 


















9 3 






B 3 






8 3 






A 3 














CMI*S 








] ] 


7 


3 


] ] 


^^ 




] ] 


5 






7 + 


3 + 


















9 C 






BC 






8 C 






AC 














CMPU 








1 ] 


_ 


3 


1 ] 




4 


] ] 


5 


4 


1 1 


7 + 


3 + 


















93 






B3 






8 3 






A3 














CMPX 








9C 


6 


2 


BC 




3 


8C 


4 


3 


AC 


6 + 


2 + 










CMPY 








1 




3 


1 






1 


5 




1 


7 + 


3 + 


















9 C 






BC 






8C 






A C 












COM 


COMA 


4 3 


2 


1 


































COMB 


5 3 


2 


1 


































COM 








3 


g 


2 


7 3 


7 


3 








6 3 


6 + 


2 + 








CWAi 






















3C 




2 














DAA 




I 9 


2 


1 
































DEC 


DECA 


4 A 


2 


1 


































DECB 


5 A 


2 


1 


































DEC 








OA 


6 


2 


7A 




3 








6A 


6 + 


2 + 








EOK 


EORA 








9 8 


4 


2 


B8 


5 


3 


8 8 


2 


2 


A8 


4 + 


2 + 










EORB 








D8 


4 


2 


F8 


5 


3 


C8 


2 


2 


E8 


4 + 


2 + 








EXG 


Ki. R2 


i E 


8 


2 
































INC 


INC A 


4C 


2 


1 


































INCB 


5C 


2 


1 


































INC 








OC 


6 


2 


7C 




3 








6C 


6 + 


2 + 








JMI' 










OE 


3 


2 


7 E 


4 


3 








6E 


3 + 


2 + 








JSR 










90 




2 


BD 


8 


3 








AD 




2 + 









DESCRIPTION 



Branch Z = 
Long Branch 

Z = 
Branch N = 
Long Branch 

N = 
Branch Always 
Long Branch Always 
Branch Never 
Long Branch Never 



Branch to 

Subroutine 
Long Branch to 

Subroutine 
Branch V = 
Long Branch 

V= 
Branch V = 1 
Long Branch 

V= 1 
0-A 
0-*B 
O-M 

Compare M from 
Compare M from 
Compare M M + 1 

from D 
Compare M M + 1 

from S 
Compare M M + 1 

from U 
Compare M M + 1 

from X 
Compare M M + 1 

from Y 
A-A 
B-*B 
M-M 

CC A IMM-*CC 

Wait for Interrupt 

Decimal Adjust A 

A - 1 ^A 

B- 1 ^B 

M- 1 -M 

A0M-A 

B0M-B 

R1^R2(D 

A + 1 -A 

B+ 1 -B 

M+ 1-M 

EA(2)-»PC 

Jump to Subroutine 



I 
I 
t 

l 
t 
I 

: 
: 
I 

t 
I 
I 

• 
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INSTRUCTIONS/ 
FORMS 



INDEXO) 



OP ~® n 



DESCRIPTION 



MUL 
NEG 



NOP 
OR 



RTI 
RTS 
SBC 
SEX 



LDA 
LDB 
LDD 
LDS 

LDU 
LDX 
LDY 

LEAS 
LEAU 
LEAX 
LEAY 

LSLA 
LSLB 
LSL 

LSRA 
LSRB 
LSR 



NEGA 
NEGB 
NEG 

ORA 
ORB 
ORCC 
PSHS 

PSHU 

PULS 

PULU 



ROLA 
ROLB 
ROL 

RORA 
RORB 
ROR 



SBCA 
SBCB 



M-*A 
M-B 

MM+ 1 -D 
MM+ 1 -*S 

M.M+ 1 
MM+ 1 -X 
MM+ 1 -Y 

EA(3)-.S 
EA(3)— U 
EA(2)-*X 
EA®-Y 



[HTmTT1>° 



C b. 



"HTTTTTTTKl 

b7 bo c 



Ax B-*D 

(Unsigned) 
X+ 1 -*A 
B+ 1-B 
M + 1 -M 
No Operation 
AvM-A 
BvM-B 
CCV IMM-CC 
Push Registers on 

S Stack 
Push Registers on 

U Stack 
Pull Registers 

from S Stack 
Pull Registers 

from U Stack 



B [fU TTTTTrm J 



C br >bo 

Return from 
Interrupt 
Return from 

Subroutine 
A-M-C-A 
B-M-C-B 
Sign Extend B into A 
[ Bent / h 7 = 1 FF-A 
[B^f / h 7 = 0-*A 



• 



(Continuea) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 3 05 



HD63B09E, HD63C09E 



INSTRUCTIONS/ 
FORMS 


ACC 


I MP 

:m rec; 


DIRECT 


EXTND 


IMMED 


INDEX® 


RELATIVE 


DESCRIPTION 


7 


6 


5 


4 


3 


2 


1 





OP 






OP 




# 


OP 






OP 




n 


OP 






OP 


~(S) 




E 


F 


H 


I 


N 


Z 


V 


C 


ST STA 
STB 
STD 
STS 

STU 
STX 
STY 

SUB SUBA 
SUBB 
SUBD 

SWI SWI® 
SWI2(5) 

SWI3(S) 

SYNC 

TFR Rl. R2 
TST TSTA 
TSTB 
TST 


3F 
1 
3F 
1 1 
3F 
1 3 

1 F 
4D 

5D 


19 
20 

20 

^4 

6 
2 
2 


1 

2 

2 

1 

2 
1 
I 


9 7 
D7 
DD 
1 
DF 
DF 
9F 
1 
9F 

90 
DO 
9 3 

OD 


4 
4 

5 
6 

5 
5 
6 

4 
4 

6 

6 


2 
2 
2 
3 

2 
2 
3 

2 
2 
2 

2 


B7 
F7 
FD 
1 
FF 
FF 
BF 
1 
BF 

BO 
FO 
83 

7D 


5 
5 
6 
7 

6 
6 
7 

5 
5 
7 

7 


3 
3 
3 
4 

3 
3 
4 

3 
3 
3 

3 


80 
CO 
8 3 


2 
2 
4 


2 
2 
3 


A7 
E7 
ED 
1 
EF 
EF 
AF 
1 
AF 

AO 
EO 
A3 

6D 


4 + 

4 + 

5 + 

6 + 

5 + 

5 + 

6 + 

4 + 
4 + 
6 + 

6 + 


2 + 
2 + 

2 + 

3 + 

2 + 

2 + 

3 + 

2 + 
2 + 
2 + 

2 + 








A-M 
B-M 

D^MM+ 1 
S-MM+ 1 

U-MM+ 1 
X-.MM+ 1 
Y— MM+ 1 

A-M-A 
B-M-B 
D-M M+ 1 -D 
Software interrupt 1 
Software interrupt 2 

Software interrupt 3 

Synchronize to 

interrupt 
Rl - R2® 
Test A 
Test B 
Test M 


• 
• 
• 
• 

• 
• 
• 

• 
• 
• 

S 
S 

s 


• 
• 
• 
• 

• 
• 
• 

• 
• 
• 

S 


• 
• 
• 
• 

• 
• 
• 

® 

• 
• 


• 
• 
• 
• 

• 
• 
• 

• 
• 
• 

S 


I 
I 

: 
: 

I 
: 
: 

I 
: 
: 

• 


I 
I 
I 
I 

I 

: 
I 

: 
: 
: 

• 


R 
R 
R 
R 

R 
R 
R 

: 
: 
: 

• 


• 
• 
• 
• 

• 
• 
• 

I 

: 
I 

• 


(- 

• 
• 
• 


• 
• 
• 


• 
• 
• 


• 
• 
• 


I 
: 
: 


: 
: 
I 


R 
R 
R 


• 
• 
• 



(NOTES) 

(0 This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table 
(2) Rl and R2 nrwy be any pair of 8 bit or any pair of 16 bit registers. 

The 8 bit registers are: A. B, CC, DP 

The 16 bit registers are: X, Y, U, S, D, PC 

EA IS the effective address. 
(^5 The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
® 5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
(i) SWI sets 1 and P bits. SWI 2 and SWI 3 do not affect I and F. 
(t) Conditions Codes set as a direct result of the instruction, 
r® Value of half-carry flag is undefined. 

Special Case - Carry set if b7 is SET. 
# Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 
LEGEND: 

OP Operation Code (Hexadecimal) Z Zero (byte) 

Number of MPU Cycles V Overflow, 2's complement 

# Number of Program Bytes C Carry from bit 7 

+ Arithmetic Plus t Test and set if true, cleared otherwise 

- Arithmetic Minus • Not Affected 

X Multiply CC Condition Code Register 

M Complement of M Concatenation 

Transfer Into V Logical or 

H Half-carry (from bit 3) A Logical and 

N Negative (sign bit) @ Logical Exclusive or 
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Table 10 Hexadecimal Values of Machine Codes 



OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


00 


NEG 


Direct 


6 


2 


30 


LEAX 


Indexed 


4+ 


2+ 


60 


NEG 


Indexed 


6+ 


2+ 


01 


• 










31 


LEAY 






4-»- 


2+ 


61 


* 










02 


• 










32 


LEAS 


1 


t 


4+ 


2+ 


62 


* 










03 


COM 






6 


2 


33 


LEAU 


Indexed 


4+ 


2+ 


63 


COM 






6+ 


2+ 


04 


LSR 






6 


2 


34 


PSHS 


Implied 


5+ 


2* 


64 


LSR 






6+ 


2+ 


05 












35 


PULS 






5-*- 


2 


65 












06 


ROR 






6 


2 


36 


PSHU 






5+ 


2 


66 


ROR 






6+ 


2+ 


07 


ASR 






6 


2 


37 


PULU 






5+ 


2 


67 


ASR 






6+ 


2+ 


08 


ASL. LSL 






6 


2 


38 












68 


ASL. LSL 






6+ 


2+ 


09 


ROL 






6 


2 


39 


RTS 






5 




69 


ROL 






6+ 


2+ 


OA 


DEC 






6 


2 


3A 


ABX 






3 




6A 


DEC 






6+ 


2+ 


OB 


• 










3B 


RTI 


Implied 


6.15 




6B 


* 










OC 


INC 






6 


2 


3C 


CWAI 


Immed 


>20 




6C 


INC 






6+ 


2+ 


OD 


TST 






6 


2 


3D 


MUL 


Implied 


11 




6D 


TST 






6+ 


2+ 


OE 


JMP 






3 


2 


3E 












6E 


JMP 






3+ 


2+ 


OF 


CLR 


Direct 


6 


2 


3F 


SWI 


Implied 


19 




6F 


CLR 


Indexed 


6+ 


2+ 


10 


1 See 






- 


_ 


40 


NEGA 


Implied 


2 


*• 


70 


NEG 


Extended 


7 


3 


11 


/ Next Page 








- 


41 


* 










71 












12 


NOP 


Implied 


2 


1 


42 












72 












13 


SYNC 


Implied 


^4 


1 


43 


COMA 






2 




73 


COM 






7 


3 


14 










44 


LSR A 






2 




74 


LSR 






7 


3 


IS 


• 










45 












75 












16 


LBRA 


Relative 


5 


3 


46 


RORA 






2 


1 


76 


ROR 






7 


3 


17 


LBSR 


Relative 


9 


3 


47 


ASR A 






2 




77 


ASR 






7 


3 


18 


• 










48 


ASLA. LSLA 






2 




78 


ASL, LSL 






7 


3 


19 


DAA 


Implied 


2 


1 


49 


ROLA 






2 




79 


ROL 






7 


3 


1A 


ORCC 


Immed 


3 


2 


4A 


DECA 






2 




7A 


DEC 






7 


3 


IB 


• 










4B 












7B 












1C 


ANDCC 


Immed 


3 


2 


4C 


INCA 






2 




7C 


INC 






7 


3 


ID 


SEX 


Implied 


2 


1 


4D 


TSTA 






2 




7D 


TST 






7 


3 


IE 


EXG 




t 


8 


2 


4E 


* 










7E 


JMP 


\ 


r 


4 


3 


IF 


TFR 


Implied 


6 


2 


4F 


CLRA 


Implied 


2 




7F 


CLR 


Extended 


7 


3 


20 


BRA 


Relative 


3 


2 


50 


NEGB 


Implied 


2 




80 


SUBA 


Immed 


2 


2 


21 


BRN 






3 


2 


51 


* 










81 


CMPA 






2 


2 


22 


BHI 






3 


2 


52 


• 










82 


SBCA 






2 


2 


23 


BUS 






3 


2 


53 


COMB 






2 




83 


SUBD 






4 


3 


24 


BHS, BCC 






3 


2 


54 


LSRB 






2 




84 


ANDA 






2 


2 


25 


BLO, BCS 






3 


2 


55 












85 


BITA 






2 


2 


26 


BNE 






3 


2 


56 


RORB 






2 




86 


LDA 






2 


2 


27 


BEQ 






3 


2 


57 


ASRB 






2 




87 












28 


BVC 






3 


2 


58 


ASLB. LSLB 






2 




88 


EORA 






2 


2 


29 


BVS 






3 


2 


59 


ROLB 






2 




89 


ADCA 






2 


2 


2A 


BPL 






3 


2 


5A 


OECB 






2 




8A 


ORA 






2 


2 


2B 


BMI 






3 


2 


5B 












8B 


ADDA 






2 


2 


2C 


BGE 






3 


2 


5C 


INCB 






2 




8C 


CMPX 


Immed 


4 


3 


20 


BLT 






3 


2 


50 


TSTB 






2 




80 


BSR 


Relative 


7 


2 


2E 


BGT 






3 


2 


5E 












8E 


LOX 


Immed 


3 


3 


2F 


BLE 


Relative 


3 


2 


5F 


CLRB 


Implied 


2 


1 


8F 













LEGEND: (to be continued) 

~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 

# Number of program bytes 

* Denotes unused opcode 
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Or 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


90 


SU8A 


Oirect 


4 


2 


C6 


LOB 


Immed 


2 


2 


FC 


LOO 


Extended 


6 


3 


91 


CMPA 


i 


I 


4 


2 


C7 












FO 


STD 






6 


3 


92 


S8CA 






4 


2 


C8 


EORB 






2 


2 


FE 


LOU 


: 


; 


6 


3 


93 


SU80 






6 


2 


C9 


ADCB 






2 


2 


FF 


STU 


Extended 


6 


3 


94 


AN OA 






4 


2 


CA 


ORB 






2 


2 














95 


81 TA 






4 


2 


CB 


AOOB 






2 


2 














96 


LOA 






4 


2 


CC 


LOO 






3 


3 




2 Bytes Opcode 






97 


STA 






4 


2 


CO 
























98 


EORA 






4 


2 


CE 


LOU 


Immed 


3 


3 


1021 


LBRN 


Relative 


5 


4 


99 


AOCA 






4 


2 


CF 












1022 


LBHI 






5(6) 


4 


9A 


ORA 






4 


2 














1023 


LBLS 






5(6) 


4 


9B 


AODA 






4 


2 


00 


SUBB 


Oirect 


4 


2 


1024 


LBHS, LBCC 




5(6) 


4 


9C 


CMPX 






6 


2 


01 


CMPB 


i 


i 


4 


2 


1025 


LBCS, LBLO 




5(6) 


4 


90 


JSR 






7 


2 


02 


SBCB 






4 


2 


1026 


L8NE 






5(6) 


4 


9E 


LOX 






5 


2 


03 


AOOO 






6 


2 


1027 


LBEG 






5(6) 


4 


9F 


STX 


Oirect 


5 


2 


04 


ANOB 






4 


2 


1028 


LBVC 






5(6) 


4 














05 


81 TB 






4 


2 


1029 


LBVS 






5(6) 


4 


AO 


SU8A 


Indexed 


4+ 


2+ 


06 


LOB 






4 


2 


102A 


LBPL 






5(6) 


4 


A1 


CMPA 


i 


I 


4+ 


2+ 


07 


STB 






4 


2 


102B 


LBMI 






5(6) 


4 


A2 


SBCA 






4+ 


2+ 


08 


EORB 






4 


2 


102C 


LBGE 






5(6) 


4 


A3 


SUBD 






6+ 


2+ 


09 


ADCB 






4 


2 


1020 


LBLT 






5(6) 


4 


A4 


ANDA 






4+ 


2+ 


OA 


ORB 






4 


2 


102E 


LBGT 






5(6) 


4 


A5 


BITA 






4+ 


2+ 


OB 


AOOB 






4 


2 


102F 


LBLE 


Relative 


5(6) 


4 


A6 


LDA 






4+ 


2+ 


OC 


LOO 






5 


2 


103F 


SWI2 


Implied 


20 


2 


A7 


STA 






4+ 


2+ 


DO 


STD 






5 


2 


1083 


CMPO 


Immed 


5 


4 


A8 


EORA 






4+ 


2+ 


DE 


LOU 






5 


2 


108C 


CMPY 


; 


: 


5 


4 


A9 


AOCA 






4+ 


2+ 


OF 


STU 


Direct 


5 


2 


108E 


LOY 


Immed 


4 


4 


AA 


ORA 






4+ 


2+ 














1093 


CMPO 


Direct 


7 


3 


AB 


AOOA 






4+ 


2+ 


EO 


SUBB 


Indexed 


4+ 


2+ 


109C 


CMPY 






7 


3 


AC 


CMPX 






6+ 


2+ 


El 


CMPB 






4+ 


2+ 


109E 


LOY 


: 


: 


6 


3 


AO 


JSR 






7+ 


2+ 


E2 


SBCB 






4+ 


2+ 


109F 


STY 


Direct 


6 


3 


AE 


LOX 






5+ 


2+ 


E3 


AOOO 






6+ 


2+ 


10A3 


CMPO 


Indexed 


7+ 


3+ 


AF 


STX 


Indexed 


5+ 


2+ 


E4 


ANOB 






4+ 


2+ 


10AC 


CMPY 






7+ 


3+ 














E5 


BITB 






4+ 


2+ 


10AE 


LOY 


: 


; 


6+ 


3+ 


80 


SUBA 


Extended 


5 


3 


E6 


LOB 






4+ 


2+ 


10AF 


STY 


Indexed 


6+ 


3+ 


81 


CMPA 






5 


3 


E7 


STB 






4+ 


2+ 


1083 


CMPO 


Extended 


8 


4 


82 


SBCA 






5 


3 


E8 


EORB 






4+ 


2+ 


108C 


CMPY 






8 


4 


83 


SUBO 






7 


3 


E9 


ADCB 






4+ 


2+ 


108E 


LOY 


: 


: 


7 


4 


84 


ANOA 






5 


3 


EA 


ORB 






4+ 


2+ 


10BF 


STY 


Extended 


7 


4 


85 


BITA 






5 


3 


EB 


AOOB 






4+ 


2+ 


10CE 


LOS 


Immed 


4 


4 


86 


LOA 






5 


3 


EC 


LOO 






5+ 


2+ 


10OE 


LOS 


Direct 


6 


3 


87 


STA 






5 


3 


ED 


STD 






5+ 


2+ 


100F 


STS 


Direct 


6 


3 


88 


EORA 






5 


3 


EE 


LOU 






5+ 


2+ 


10EE 


LOS 


Indexed 


6+ 


3+ 


89 


AOCA 






5 


3 


EF 


STU 


Ind 


exed 


5+ 


2+ 


10EF 


STS 


Indexed 


6+ 


3+ 


8A 


ORA 






5 


3 














10FE 


LOS 


Extended 


7 


4 


88 


AOOA 






5 


3 


FO 


SUBB 


Extended 


5 


3 


10FF 


STS 


Extended 


7 


4 


8C 


CMPX 






7 


3 


F1 


CMPB 






5 


3 


113F 


SWI3 


Implied 


20 


2 


80 


JSR 






8 


3 


F2 


SBCB 






5 


3 


1183 


CMPU 


Immed 


5 


4 


8E 


LOX 






6 


3 


F3 


AOOO 






7 


3 


118C 


CMPS 


Immed 


5 


4 


8F 


STX 


Extended 


6 


3 


F4 


ANOB 






5 


3 


1193 


CMPU 


Direct 


7 


3 














F5 


BITB 






5 


3 


1 19C 


CMPS 


Direct 


7 


3 


CO 


SUBB 


Immed 


2 


2 


F6 


LOB 






5 


3 


11A3 


CMPU 


Indexed 


7+ 


3+ 


CI 


CMPB 






2 


2 


F7 


STB 






5 


3 


11AC 


CMPS 


Indexed 


7+ 


3+ 


C2 


S8CB 






2 


2 


F8 


EORB 






5 


3 


1183 


CMPU 


Extended 


8 


4 


C3 


AOOO 






4 


3 


F9 


ADCB 






5 


3 


11BC 


CMPS 


Extended 


8 


4 


C4 


ANOB 


} 




2 


2 


FA 


ORB 






5 


3 














C5 


BtTB 


immed 


2 


2 


FB 


AOOB 


Extended 


5 


3 















(NOTE) : All unused opcodes are both undefined and illegal 
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■ NOTE FOR USE 

• Execution Sequence of CLR Instruction 

Example: CLR (Extended) 















FCB 


$80 






Cycle # 


Address 


Data 


R/W 


Description 


1 


8000 


7F 


1 


Opcode Fetch 


2 


8001 


AO 


1 


Operand Address, 










High Byte 


3 


8002 


00 


1 


Operand Address, 










Low Byte 


4 


FFFF 


* 


1 


VMA Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 


* 


1 


VMA Cycle 


7 


AOOO 


00 





Store Fixed "00" 










into Specified 










Location 



Cycle-by-cycle flow of CLR instruction (Direct, Extended, 
Indexed Addressing Mode) is shown below. In this sequence 
the content of the memory location specified by the operand 
is read before writing **00*' into it. Note that status Flags, such 
as IRQ Flag, will be cleared by this extra data read operation 
when accessing the control/status register (sharing the same 
address between read and write) of peripheral devices. 

• The Noise of HD6309E at Bus Outputs Changing 

We shall notify you of the noise of the HD6309E. 

The noise over 0.8V may appear on the output signals when 
data bus or address bus outputs change from "High" to "Low". 
Problems and countermeasure are shown as follows. 

(1) The Noise at Data Bus Outputs Changing ("High->"Low") 
Problem: The noise over 0.8V may appear on Ais~Ai3, R/W 

outputs change (worst case; SFF-^SOO) as shown in 

Figure 19. 



The data bus has the data at that particular address. 



R/W 



tDDW 



5 



3i 



tAD ■ 110 ns 



Noise peak (worst case) ; about 1 .5V Period of the noise occurrence (reference data) 
Test condition . . 

Ta " --20°C t " 6'-34n8 ( Ta - -20 C) 

Vcc"5'5V ^" 8~43n8 (Ta - 25^C) 

Nunnber of data bus lines switching from "High" to "Low" - 8 t - 12~64ns (Ta " 75° C) 

($FF->-$00) data bus load capacitance « 130pF 



Figure 19 Noise at data bus output changing 



Countermeasure: If the noise level can not be reduced by con- 
trolling data bus load capacitance or reducing 
Vcc ^ your application system, connect 
damping resistors (about 100~ 15012) to data 
bus to reduce the noise level as shown in 



Figure 20. Table 1 1 shows the relationship be- 
tween damping resistors and electrical charac- 
teristics. Connecting damping resistors to data 
bus is effective to reduce the noise level as 
shown in Figure 21. 
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D, 



Do 



/ 



damping resistors (about lOOn) 



— v/W> — 
— nAAA— 



Figure 20 Connecting damping resistors to data bus 



Table 1 1 The relationship between damping resistors and electrical characteristics 





R=On 


R = 100~150n 


HD63B09E 
(2MHz) 


tDHW 


Ta = -20~0°C 


20 ns 


10 ns 


Ta = 0-75*'C 


30 ns 


15 ns 


HD63C09E 
(3MHz) 


tdDW 


70 ns 


80 ns 


tDHW 


Ta = -20'M)*'C 


20 ns 


10 ns 


Ta = 0--75*'C 


30 ns 


15 ns 
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2. The Noise at Address Bus Outputs Changing AVMA outputs when address bus outputs change 

("High" "Low") (worst case; $FFFF-^$0000) as shown in Figure 22. 

Problem: The noise over 0.8V may appear on BUSY, LIC, 



J 






\ 


/ 










\ 




tcD " 130ns -M 


^ * J / noise / 

y 1 





Noise peak (worst case); about 1 .5V Period of the noise occurrence (reference data) 
Test condition 

Ta = -20° C t * 25~65ns (Ta « -20° C) 

Vcc ' 5.5V t - 30~74ns (Ta « 25''C) 

Number of address bus lines switching from "High" to "Low" " t « 34~83ns (Ta « 75°C) 
16 ($FFFF-»$0000) address bus load capacitance - 90pF 



Figure 22 Noise at address bus output changing 
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Countermeasure: To prevent the noise on BUSY, LIC, AVMA 
outputs from appearing, this signals must be 
latched at the negative edge of E or Q clock as 



shown in Figure 23. An example of counter- 
measure circuit is shown in Figure 24. 



J 



BUSY 

Lie 

AVMA 



- usable period ■ 



' ^ j 



Figure 23 An example of countermeasure of the noise 



74L S74 



BUSY 

LIC 

AVMA 



> 


D Q 
> C 




> 







Figure 24 An example of countermeasure circuit 
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H D6802 

MPU (Microprocessor with Cloci( and RAM) 



The HD6802 is a monolithic 8-bit microprocessor that con- 
tains all the registers and accumulators of the present HD6800 
plus an internal clock oscillator and driver on the same chip. 
In addition, the HD6802 has 128 bytes of RAM on the chip 
located at hex addresses 0000 to 007F. The first 32 bytes of 
RAM, at hex addresses 0000 to 001 F, may be retained in a low 
power mode by utilizing Vcc standby, thus facilitating memory 
retention during a power-down situation. 

The HD6802 is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. 
Hence, the HD6802 is expandable to 65k words. 

■ FEATURES 

• On-Chip Clock Circuit 

• 128 X 8 Bit On-Chip RAM 

• 32 Bytes of RAM are Retainable 

• Software-Compatible with the HD6800 

• Expandable to 65k words 

• Standard TTL-Compatible Inputs and Outputs 

• 8 Bit Word Size 

• 16 Bit Memory Addressing 

• Interrupt Capability 

• Compatible with MC6802 



■ BLOCK DIAGRAM 



Vcc 
Standby Vcc 

Q Q 




m PIN ARRANGEMENT 




Vss E O 

TrqE 
vmaE 

MM 

BA q; 

Vcc CI 
A, E 

A, go 

A, 03 

A, 0] 
A, g] 

A. E 

A. El 

A, g| 

^ m 

A., El 



HD6802 



3r1s 
Sextal 

g| XTAL 

3 RE 

Vcc Standby 

Hd, 
go, 

Ha,, 

?3 A„ 

Ha,, 

Ha., 
Vss 



(Top View) 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 

Vcc Standby* 


-0.3 ~ +7.0 


V 


Input Voltage 


V * 


-0.3 ~ +7.0 


V 


Operating Temperature 


"^opr 


-20 ~ +75 


°C 


Storage Temperature 


Titg 


-55- +150 





• With respect to Vss (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ RECOMMENDED OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc* 
Vcc Standby* 


4.75 


5.0 


5.25 


V 




ViL* 


-0.3 




0.8 


V 


Input Voltage 




Except RES 


2,0 




Vcc 


V 




RES 


4.25 




Vcc 


V 


Operation Temperature 


Topr 


-20 


25 


75 





* With respect to Vss (SYSTEM GND) 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc-'5.0V±5%, Vcc Standby-5.0V±5%. Vgs-OV, Ta— 20-+75^C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ** 


max 


Unit 


Input "High" Voltage 


Except RES 


V,H 




2.0 




Vcc 


V 


RES 




4.25 




Vcc 


Input "Low" Voltage 


Except RES 


»«* 

V,L 




-0.3 




0.8 


V 






-0.3 




0.8 




Do-D,, E 




loH = -205m A 


2.4 








Output "High" Voltage 


Ao-Ais, R/W, VMA 


Vqh 


loH - -145/iA 


2.4 






V 




BA 




Iqh * -100/iA 


2.4 








Output "Low" Voltage 


Vol 


Iql * 1.6mA 






0.4 


V 


Three State (Off State) Input Current 


Do^-D^ 


•tsi 


Vjn - 0.4'-2.4V 


-10 




10 


mA 


Input Leakage Current 


Except Do'-D7 **** 


l.n 


Vin = 0-5.25V 


-2.5 




2.5 


ma 


Power Dissipation 








0.6 


1.2 


W 


Input Capacitance 


Do'-D? 


Qn 


V.n-OV, T.=25°C. 




10 


12.5 


pF 


Except Do '^□7 


f=1.0MHz 




6.5 


10 


Output Capacitance 


Ao-^Ais, R/W. BA. 
VMA, E 


Qout 


Vin=OV, T,=25°C, 
f=1.0MH2 






12 





* In power-down mode, maximum power dissipation is less than 42mW. 
** T- 'jg lC- Vqc "5V 

*** As RES inpuTfias histeresis character, applied voltage up to 2.4V is regarded as "Low" level when it goes up from OV. 
Does not include EXTAL and XTAL, which are crystal inputs. 
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• AC CHARACTERISTICS (Vcc-5.0V±5%, Vcc Standby-5.0V±5%, Vss-OV, Tt--20-^+7S**C, unl«ss otherwiM notMl.) 



1. CLOCK TIMING CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min 


typ 


max 


unit 


Frequency of Operation 


Input Clock 4- 4 


f 




0.1 




1.0 


MHz 


Crystal Frequency 


*XTAL 




1.0 




4.0 


Cycle Time 


tcyc 


Fig. 2, Fig. 3 


1.0 




10 


MS 


Clock Pulse Width 


"High" Level 


PW^H 


at 2.4V (Fig. 2. Fig. 3) 


450 




4500 


ns 


"Low" Level 




at 0.4V (Fig. 2, Fig. 3) 




Clock Fall Time 




0.4V - 2.4V(Fig.2,Fig.3) 






25 


ns 



2. READ/WRITE TIMING 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Address Delay 


tAD 


Fig. 2. Fig. 3, Fig. 6 






270 


ns 


Peripheral Read Access Time 


tacc 


Fig. 2 


530 






ns 


Data Setup Time (Read) 


toSR 


Fig. 2 


100 






ns 


Input Data Hold Time 


tH 


Fig. 2 


10 






ns 


Output Data Hold Time 


tH 


Fig. 3 


20 






ns 


Address Hold Time (Address, R/W, VMA) 


tAH 


Fig. 2, Fig. 3 


10 






ns 


Data Delay Time (Write) 


toDW 


Fig. 3 






225 


ns 


Bus Available Delay 


tBA 


Fig. 4, Fig. 5, Fig. 7, Fig. 8 






250 


ns 


Processor Controls 

Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Measured at 0.8V and 2.0V) 


tpcs 


Fig. 4-Fig. 7, Fig. 12 


200 






ns 


tpCr 


Fig. 4~Fig. 7, Fig. 12, 
Fig. 13, Fig. 16 






100 


ns 


*Ta = 25°C, Vcc = 5V 

3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


RAM Enable Reset Time (1) 


^REI 


Fig. 13 


150 






ns 


RAM Enable Reset Time (2) 


tRE2 


Fig. 13 


E-3 cycles 








Reset Release Time 


^LRES 


Fig. 12 


20* 






ms 


RAM Enable Reset Time (3) 


tRE3 


Fig. 12 









ns 


Memory Ready Setup Time 


tsMR 


Fig. 16 


300 






ns 


Memory Ready Hold Time 


tHMR 


Fig. 16 







200 


ns 



*^RES ■ 20 msec min. for S type, 50 msec min. for R type. 
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Rl = 2.4kn 



C= 130pF for Do~D,, E 

= 90pF for Ao~A,s,R/W,and VMA 

= 30pF for BA 
R = llkn for Do~D,, E 

= 16kn for Ao~A,5,R/w, and VMA 

= 24kn for BA 
C includes stray Capacitance. 
All diodes are 1S2074 or equivalent 



Figure 1 Bus Timing Test Load 




Figure 2 Read Data from Memory or Peripherals 





Data Not Valid 



Figure 3 Write Data in Memory or Peripherals 
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The Last Instruction Cycle 



HALT Cycle 



2 0V 
0.8V 



Figure 4 Timing of HALT and BA 
HALT Cyde I Instruction Cycle 



HALT 



tPCr 



2.0V 
0.8V 

PCS 



tBA 



Figure 5 Timing of HALT and BA 
MPU Reset i MPU Restart Sequence 



4.25V 
0.8V 

t»>cs 



Figure 6 RES and MPU Restart Sequence 
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WAIT Cycle or 

The Last Instruction Cycle 



Interrupt Sequence 



IRQ. NMI 



>t2 0V 
8V 



tpcs 



(When WAIT Cycle) 



tBA 



Figure 7 IRQ and NMI Interrupt Timing 



The last execution cycle of 
WAI instruction (#9) 



WAIT Cycle 



V 



J \ r ^ 



2.4V 



Figure 8 WAI Instruction and BA Timing 



■ MPU REGISTERS 

A general block diagram of the HD6802 is shown in Fig. 9. 
As showni the number and configuration of the registers are the 
same as for the HD6800. The 128 x 8 bit RAM has been 
added to the basic MPU. The first 32 bytes may be operated in a 
low power mode via a V^^. standby. These 32 bytes can be 
retained during power-up and power-down conditions via the 
RE signal. 

The MPU has three 16-bit registers and three 8-bit registers 
available for use by the programmer (Fig. 10). 

• Program Counter (PC) 

The program counter is a two byte (16-bit) register that 
points to the current program address. 

• Stack Pointer (SP) 

The stack pointer is a two byte (16-bit) register that contains 
the address of the next available location in an external 
push-down/pop-up stack. This stack is normally a random access 
Read/Write memory that may have any location (address) that 
is convenient. In those applications that require storage of 
information in the stack when power is lost, the stack must be 
non-volatile. 



• Index Register (IX) 

The index register is a two byte register that is used to store 
data or a sixteen bit memory address for the Indexed mode of 
memory addressing. 

• Accumulators (ACCA, ACCB) 

The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit(ALU). 

• Condition Code Register (CCR) 

The condition code register indicates the results of an 
Arithmetic Logic Unit operation: Negative(N), Zero(Z), Over- 
flow(V), Carry from bit7(C), and half carry from bit3(H). These 
bits of the Condition Code Register are used as testable 
conditions for the conditional branch instructions. Bit 4 is the 
interrupt mask bit(I). The used bits of the Condition Code 
Register (B6 and B7) are ones. 

Fig. 1 1 shows the order of saving the microprocessor status 
within the stack. 
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A,, A,, A,, A,, A,, A,, A, A, 

26 24 23 22 20 19 18 11 

t t t t t t I t 

Output 



E 37* 
flfS40- 

jRwr 

HALt 2- 
TTO 4- 
6XTAL 3» - 
XTAL38- 
•A 7« 
VMA 5« 
R/W 34 « 



l^rogram 




Counttr 


H 




Stack 


H 




llndtx j 
lR««iMtr h| 



1 1 1 m 1 1 



EH 

32 BytM 



35 Vcc Standby 



Cogg^on 



. 36 RAM EfUlMt 



Illltllt 

!8 29 30 31 32 33 
), 0« D, D, 0, D, 

Figure 9 Expanded Block Diagram 



26 27 28 29 30 31 32 33 
Vcc -Mm 8,35 0, 0, O, O, 0, D, 0, D„ 
Vss" nni1.2l 



Accumulator A 



]' 



N'M-H^iwj Sir 



Stack Pomttr 
Condition Codat 




Figure 10 Programming Model of The Microprocessing Unit 
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CC » Condition Coda* (Alio caHad.tha Procattor S 

ACCB " Accumulator B 

AOCA- AeeufflMlaiorA 
IXH - Indax Ra|ittor, Highar Ordar 8 Bits 
IXL- Indax Ratfatar, Lohmt Ordar 8 Bits 
PW - Program Countar, Hifhar Ordar 8 Bits 
PCL - Protnm Counter, Lowtar Ordar 8 Bits 
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Figure 1 1 Saving The Status of The Microprocessor in The Stack 
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■ HD6802 MPU SIGNAL DESCRIPTION 

Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific functions 
and that other signal lines be monitored to determine the state 
of the processor. These control and timing signals for the 
HD6802 are similar to those of the HD6800 except that TSC. 
DBE, 01 , 02 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added. 

RAM Enable (RE) 

Crystal Connections EXTAL and XTAL 
Memory Ready(MR) 
Vcc Standby 
Enable 02 Output(E) 

The following is a summary of the HD6802 MPU signals: 

• Address Bus (Aq ~ Ais ) 

Sbcteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90pF. 

• Data Bus (Do ^ D7) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to $007F. External RAM at $0000 to $007F must be 
di sabled w hen internal RAM is accessed. 

• HALT 

When this input is in the "Low" state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a "High" state. Valid 
Memory Address will be at a "Low" state. The address bus will 
display the address of the next instruction. 

To insure single instruction operation, transition of the 
HALT line must not occur during the last 250ns of E and the 
H ALT line must go "High" for one Clock cycle. 

HALT should be tied "High" if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 

• Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read ("High") or 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). When the processor is halted, it will be in the 
logical one state ("High"). 

This output is capable of driving one standard TTL load and 
90pF. 

• Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 

• Bus Available (BA) 

The Bus Available signal will normally be in the "Low" state. 
When activated, it will go to the "High" state indicating that the 
microprocessor has stopped and that the address bus is a vailable 
(but not in a three-state condition). This will occur if the HALT 
line is in the "Low" state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 



outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit 1=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. 

• Interrupt Request (IRQ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in mem ory. 

The HALT line must be in the "High" state for inte rrupts to 
be serviced. Interrupts will be latched internally while HALT is 
"Low". 

A 3kn external register to Vcc should be used for wire-OR 
and optimum control of interrupts. 

• Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is "Low", the 
MPU is inactive and the information in the registers will be lost. 
If a "High" level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will stai-t execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced "High". For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter. During the restart routine, the interrupt mask bit is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 12 and Fig. 13 respectively. 

• Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-mask- 
inter rupt sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the cu rrent 
instruction that is being executed before it recognizes the NMI 
signal. The inte rrupt mask bit in the Condition Code Register 
has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kl2 external resistor to Vcc should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled when E is "High" and will start the interrupt routine 
on a "Low" E following the completion of an instruction. IRQ 
and NMI should be tied "High" if not used. This is good en- 
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 14 is a flowchart describing the 
major decision paths and interrupt vectors of the microproces- 
sor. Table 1 gives the memory map for interrupt vectors. 
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Vcc 



RES 



RES 



VMA 



(NOTE) if option 1 is chosen, RES and RE pins can be tied together. 

Figure 12 Power-up and Reset Timing 



Start Sequence 



Vcc 



-^ ^4. 75 V 



RE 



tPCf — j — 

0.8V J 5; 



Figure 13 Power-down Sequence 



t Option 1 




(See Note below) 



Option 2 

See Figure 8 for 
Power Down condition 




Fetch Instruction 
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Interrupt Routine 
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IRQ 


FFFC 
FFFO 




FFF8 
FFF9 













Figure 14 MPU Flow Chart 
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Table 1 Memory Map for Interrupt Vectors 



Vector 

MS 


LS 


Description 


FFFE 


FFFF 


Restart (RES) 


FFFC 


FFFD 


Non-Maskable Interrupt (NMI) 


FFFA 


FFFB 


Software Interrupt (SWI) 


FFF8 


FFF9 


Interrupt Request (TrQ) 



• RAM Enable (RE) 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the HD6802. When placed in the "High" state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the **Low** state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be '*Low** three cycles 
before V^c goes below 4.75V during power-down. 

RE should be tied to the correct "High*' or "Low** state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 

• EXTALandXTAL 

The HD6802 has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). A divide-by-four circuit has been 
added to the HD6802 so that a 4MHz crystal may be used in 
lieu of a IMHz crystal for a more cost-effective system. Pin39 of 
the HD6802 may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802. 

If an external clock is used, it may not be halted for more 
than 4.5ms. The HD6802 is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 



Conditions for Crystal (4 MHz) 

• AT Cut Parallel resonant 

• Co = 7 pF max. 

• R, = son max. 



L, c. R, 



Co 

Crystal Equivalent Circuit 
Recommended Oscillator (4MHz) 



39 pin 'y 



38 pm 



1^ 3r 
Crystal 



C, * C, - 22pF ± 20% 



Figure 15 Crystal Oscillator 



When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802. 
• Memory Ready (MR) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is "High**, E will be in normal 
operation. When MR is "Low**, E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 16. 

MR should be tied "High** if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5m$- 
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• Enabl«(E) 

This pin supplies the cloclc for the MPU and the rest of the 
system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent to ^2 on the HD6800. 

• Vcc StwMlby 

This pin supplies the dc voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power up, power-down, or 
standby condition is guaranteed at the range of 4.0 V to S.2S V. 

Maximum current drain at 5.2SV is 8mA. 



■ MPU INSTRUCTION SET 

The HD6802 has a set of 72 different instructions. Included 
are binary and decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, interrupt and stack 
manipulation instructions. 

This instruction set is the same as that for the 
6800MPU(HD6800 etc.) and is not explained again in this 
data sheet. 

■ NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802 

In designing the board, the following notes should be taken 
when the crystal oscillator is used. 




Crystal oscillator and load capacity Cl must be placed near 
the LSI as much as possible. 

r Normal oscillation may be disturbed when external noise is^ 
induced to pin 38 and 39. J 



Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don't wire them in parallel, or normal 
oscillation may be disturbed when E signal is feedbacked to 
XTAL. 



The following design must be avoided. 



Must be avoided 



38 




■X- 



Signal C 



"a 



A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 
oscillation. The resistance among XTAL, EXTAL and other pins 
should be over lOMH. 



Figure 17 Note for Board Design of the Oscillation Circuit 
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HD6802 



(Top View) 

Figure 18 Example of Board Design Using the Crystal Oscillator 
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■ NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION 

When HALT input signal is asserted to "Low" 
level, the MPU will be halted after the execution of 
the current instruction except WAI instruction. 

The "Halt" signal is not accepted after the fetch 
cycle of the WAI instruction (See ® in Fig. 19). In the 
case of the "WAI" instruction, the MPU enters the 
"WAFF" cycle after stacking the internal registers and 



AND HALT OPERATION OF HD6802 

outputs the "High" level on the BA Une. 

When an interrupt request signal is input to the 
MPU, the MPU accepts the interrupt regardless the 
"Halt" signal and releases the "WAIT" state and out- 
puts the interrupt's vector address. If the "Halt" signal 
is "Low" level, the MPU halts after the fetch of new 
PC contents. The sequense is shown below. 




Address 
Bus 



iZXDCXZXZDOCIXZDa- 

SP (n) SP (n- 1 ) SP (n-2) SP ln-3) SP (n-4) SP <n-5) SP (n-6) 



"^Vector ^Vector ^ew PC^~' 
Address Address Address 



When the interrupt occurs during the WAIT CYCLE, the MPU accepts the interrupt even if HALT is at "Low" level 



If this cycle is at "Low' 
level, the next cycle is 
the Halt cycle 



Figure 19 HD6802 WAIT CYCLE & HALT Request 



326 



<^ HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD6802W 

MPU (Microprocessor with Cloclcand RAIVI) 



HD6802W is the enhanced version of HD6802 which con- 
tains MPU, clock and 256 bytes RAM. Internal RAM has been 
extended from 128 to 256 bytes to increase the capacity of 
system read/write memory for handUng temporary data and 
manipukting the stack. 

The internal RAM is located at hex addresses 0000 to OOFF. 
The first 32 bytes of RAM, at hex addresses 0000 to 001 F, may 
be retained in a low power mode by utilizing Vcc standby, 
thus facilitating memory retention during a power-down situa- 
tion. 

The HD6802W is completely software compatible with the 
HD6800as well as the entire HMCS6800 family of parts. Hence, 
the HD6802W is expandable to 65k words. 




■ FEATURES 

• On-Chip Clock Circuit 

• 256 X 8 Bit On-Chip RAM 

• 32 Bytes. of RAM are Retainable 

• Software-Compatible with the HD6800, HD6802 

• Expandable to 65k words 

• Standard TTL-Compatible Inputs and Outputs 

• 8 Bit Word Size 

• 16 Bit Memory Addressing 

• Interrupt Capability 



■ BLOCK DIAGRAM 



Vcc 
o 



Vcc 









Counter/ 




IRQ 


Timtri/O ' 




"TO 




CS, 






E 






ROM. I/O, 






Parallel 




TIMER 


I/O 




0,-0, 




















Control < 




CP, A, -A,. 
CP, CS. 




Vcc 

Standby Vcc 

9 9 



R/^ 



■ PIN ARRANGEMENT 



Vcc 
9 





RES 


VMA 


HALT 


E 


RE 


''hD6802W 

(MPU) BA 
D,~D, 




XTAL 


A,- A, , 


EXTAL 



-I 



Vss 



7^ V 



Vss 



— I 

I — I Crystal 



vssE O 


3res 


HALT Q 


3 EXTAL 


MR E 


g XTAL 






vmaE 


g RE 


NMi E 


9 Vcc st» 


baq; 


3 R/W 


Vcc CI 


30. 


^ G 




A, (3 

A. E "^^^ 


J02W III 


A, □ 




A. E 


ao. 


A, E4 


go. 


A. Es 




A, 01 


iA„ 


A. Q] 


3^,4 


A, El 


a A.. 


A,.G1 


a A„ 


Aug 





(Top View) 
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A expanded block diagram of the HD6802W is shown in Fig. the same as the HD6802 except that the internal RAM has been 
1. As shown, the number and configuration of the registers are extended to 256 bytes. 



^i* ^1' ^L' ^1 ^« 

2S 24 23 22 20 19 18 17 



Aj A^ A* Aj A| A* 
16 15 14 13 12 11 10 9 



M 1 t f ! 1 I. M It t t t ! 



1 1 1 1 1 1 1 1 



26 27 28 29 30 31 32 33 
Vcc-WrH8.35 D, 0, 0, 0* D, 0, D, 0, 
Vgg ■ Pint 1.21 



35 Vcc Standby 



36 RAM Enable 




Figure 1 Expanded Block Diagram 



Address Map of RAM is shown is Fig. 2. 

The HD6802W has 256 bytes of RAM on the chip located 
at hex addresses 0000 to OOFF. The first 32 bytes of RAM, at 
hex addresses 0000 to 001 F, may be retained in a low power 



mode by utilizing Vcc standby and setting RAM Enable Signal 
*'Low*' level, thus facilitating memory retention during a 
power-down situation. 



. retention by \/cc Standby 



001F . 
0020 



OOFF 



Figure 2 Address Map of H D6802W 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 

Vcc Standby* 


-0.3 +7.0 


V 


Input Voltage 


v.,* 


-0.3 ^ +7.0 


V 


Operating Temperature 


Topr 


-20 ~ +75 




Storage Temperature 


T^a 


-55 --+150 





♦ With raipect to Vgs (SYSTEM GND) 

(NOTE) Pormanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ RECOMMENDED OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc- 




4.75 


5.0 


5.25 


V 


Vcc Standby* 


4.0 




V 


^ * 


-0.3 




0.8 


V 


Input Voltage 




Except Rl§ 


2.0 




Vcc 






V * 


RES 


Vcc -0.75 




Vcc 


V 


Operation Temperature 


T 


opr 


-20 


25 


75 





• With respect to Vss (SYSTEM GND) 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V(x"5.0V±5%, Vqc Standby«5.0V±5%, Vss-OV, Ta--20^+75°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input "High" Voltage 


Except RES 


V,H 




2.0 




Vcc 


V 


RES 




Vcc -0.75 




Vcc 


Input "Low" Voltage 


Except RES 


*« 

V,L 




-0.3 




0.8 


V 


RES 




-0.3 




0.8 




D0-D7. E 




loH--205^iA 


2.4 








Output "High" Voltage 


Ao-Ais,R/W, VMA 


Vqh 


loH =-145mA 


2.4 






V 




BA 




loH = -lOO/itA 


2.4 








Output "Low" Voltage 


Vol 


Iql = 1.6mA 






0.4 


V 


Three State (Off State) Input Current 


Do^Dr 


•tsi 


V,n = 0.4'-2.4V 


-10 




10 




Input Leakage Current 


Except Do~D7 


lin *** 


Vin = 0^5.25V 


-2.5 




2.5 


mA 


Power Dissipation 


Pd**** 






0.7 


1.2 


W 


Input Capacitance 


Do^D? 


Qn 


Vi„=0V,T.=25°C, 




10 


12.5 


pF 


Except Do~D7 


f=1.0MHz 




6.5 


10 


Output Capacitance 


Ao'-Ajs, R/^. BA, 
VMA 


Q»ut 


Vi„=0V,T.= 25''C. 
f=1.0MHz 






12 


pF 



•T,-2S1C. Vqq-BV 

** As RES inpuThas histeresis character, applied voltage up to 2.4V is regarded as "Low" level when it goes up from OV. 
*** Does not include EXTAL and XTAL, which are crystal inputs. 
**** In power-down mode, maximum power dissipation is less than 42mW. 
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• AC CHARACTERISTICS (Vcc=5.0V±5%, Vcc Standby=5.0V±5%, Vss=OV, Ta=-20~+75''C, unless otherwise noted.) 
1. CLOCK TIMING CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min 


typ 


max 


1 Init 


Frequency of Operation 


Input Clock ^ 4 


f 




0.1 




1.0 


MHz 


Crystal Frequency 


^XTAL 




1.0 




4.0 


Cycle Time 


tcyc 


Fig. 4, Fig. 5 


1.0 




10 


/is 


Clock Pulse Width 


"High" Level 


PW0H 


at 2.4V(Fig. 4, Fig. 5) 


450 




4500 


ns 


"Low" Level 


PW0L 


at 0.4V (Fig. 4, Fig. 5) 




Clock Fall Time 




0.4V - 2.4V{Fig.4,Fig.5) 






25 


ns 



2. READ/WRITE TIMING 



Item 


Symbol 


Test Condition 


mm 


typ* 


max 


Unit 


Address Delay 




Fig. 4, Fig. 5, Fig. 8 






270 


ns 


Peripheral Read Access Time 


t.cc 


Fig. 4 


530 






ns 


Data Setup Time (Read) 


^DSR 


Fig. 4 


100 






ns 


Input Data Hold Time 


tH 


Fig. 4 


10 






ns 


Output Data Hold Time 


tH 


Fig. 5 


20 






ns 


Address Hold Time (Address, R/W, VMA) 


tAH 


Fig. 4, Fig. 5 


10 






ns 


Data Delay Time (Write) 


^DDW 


Fig. 5 






225 


ns 


Bus Available Delay 


tBA 


Fig. 6, Fig. 7, Fig. 9, Fig. 10 






250 


ns 


Processor Controls 

Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Measured at 0.8V and 2.0V) 


tpcs 


Fig. 6 --Fig. 9, Fig. 11 


200 






ns 


^PCr , 

tpcf 


Fig. 6 --Fig. 9, Fig. 11, Fig. 12, 
Fig. 14 






100 


ns 



*Ta«25X Vcc-5V 



3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


RAM Enable Reset Time (1) 


^REI 


Fig. 12 


150 






ns 


RAM Enable Reset Time (2) 


tRE2 


Fig. 12 


E-3 cycles 








Reset Release Time 


^LRES 


Fig. 11 


20 






ms 


RAM Enable Reset Time (3) 


tRE3 


Fig. 11 









ns 


Memory Ready Setup Time 


tSMR 


Fig. 14 


300 






ns 


Memory Ready Hold Time 


tHMR 


Fig. 14 







200 


ns 
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Test Point O 




C= 130pF for Do~D,, E _ 

= 90pF for Ao ~A,5 , R/W. and VMA 

- 30pF for BA 
R = llknfor Do~D,, E _ 

= 16kn for Ao ~A,5 . R/W, and VMA 

= 24kn for BA 
C includes stray Capacitance. 
All diodes are 1S2074(8)or equivalent. 



Figure 3 Bus Timing Test Load 



tcyc 




Figure 4 Read Data from Memory or Peripherals 




Data Not Valid 



Figure 5 Write Data in Memory or Peripherals 
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The Last Instruction Cycle 



HALT Cycle 



HALT 



ov 

8V 



n^2 4V 



Figure 6 Timing of HALT and BA 
HALT Cycle I Instruction Cycle 



\ V / \ 



HALT 



2 0V 
8V 



Figure 7 Timing of HALT and BA 
MPU Reset • MPU Restart Sequence 



V 



/ / 



vcc- 



75V -^'^ 
8Vt^ 



tpcs 



Figure 8 RES and MPU Restart Sequence 
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WAIT Cycle or 

The Last Instruction Cycle 



Interrupt Sequence 



V 



IRQ. NMI 



tpcf 



^2 0V 
U0 8V 



(When WAIT Cycle) 



tBA 



Figure 9 IRQ and NMI Interrupt Tinning 



The last execution cycle of 
WAI instruction (#9) 



WAIT Cycle 



V 



J V 



J 



BA 



-2 4V 



V 



tBA 



Figure 10 WAI Instruction and BA Timing 
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■ HD6802W MPU SIGNAL DESCRIPTION 

• Address Bus (Aq ~ A15 ) 

Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90pF. 

• Data Bus (Do ~ D7 ) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to $OOFF. External RAM at $0000 to $OOFF must be 
di sabled w hen internal RAM is accessed. 

• HALT 

When this input is in the "Low" state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a "High" state. Valid 
Memory Address will be at a "Low" state. The address bus will 
display the address of the next instruction. 

To insure single instruction operation, transition of the 
HALT line must not occur during the last tpcs of E and the 
H ALT line must go "High" for one Clock cycle. 

HALT should be tied "High" if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 

• Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read ("High") or 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). When the processor is halted, it will be in the 
logical one state ("High"). 

This output is capable of driving one standard TTL load and 
90pF. 

• Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enaMing peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 

• Bus Available (BA) 

The Bus Available signal will normally be in the "Low" state. 
When activated, it will go to the "High" state indicating that the 
microprocessor has stopped and that the address bus is av ailable 
(but not in a three-state condition). This will occur if the HALT 
line is in the "Low" state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 
outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit 1=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. 

• Interrupt Request (IRQ) 

This level sensitive input requests that an interrupt sequence 



be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in mem ory. 

The HALT line must be in the "High" state for inte rrupts to 
be serviced. Interrupts will be latched internally while HALT is 
"Low". 

A 3ki2 external register to Vcc should be used for wire-OR 
and optimum control of interrupts. 

• Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is "Low", the 
MPU is inactive and the information in the registers will be lost. 
If a "High" level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced "High". For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter. During the restart routine, the interrupt mask bit is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 1 1 and Fig. 12 respectively. 

• Non-Maskable interrupt (NMI) 

Alow-going edge on this input requests that a non-mask- 
inter rupt sequence be generated within the processor. As with 
the IRQ signal, the processbr will complete the cu rrent 
instruction that is being executed before it recognizes the NMI 
signal. The inte rrupt mask bit in the Condition Code Register 
has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kn external resistor to Vcc should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled when E is "High" and will start the interrupt routine 
on a "Lo w" E following the completion of an instruction. IRQ 
and NMI should be tied "High" if not used. This is good en- 
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 13 is a flowchart describing 
the major decision paths and interrupt vectors of the micro- 
processor. Table 1 gives the memory map for interrupt vectors. 
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Vcc 



4.75V 




<NOTE) If option 1 is chosen, RES and RE pins can be tied together. 

Figure 1 1 Power-up arid Reset Timing 



Vcc 



tpcf - 



2.0V 
0.8 V 



^- tRE2 ► 

SVJ^ 



Figure 12 Power-down Sequence 



f Option 1 
' (See Note below) 



Option 2 

See Figure 12 for 
Power Down condition 




Fetch Instruction 



Execute 
Interrupt Routine 



Execute 
Instruction 





1 


NMI 




IRQ 


FFFC 
FFFD 




FFF8 
FFF9 




i 



Figure 13 MPU Flow Chart 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 3 35 



HD6802W 



Table 1 Memory Map for Interrupt Vectors 



Vector 

MS 


LS 


Description 


FFFE 


FFFF 


Restart (RES) 


FFFC 


FFFD 


Non-Maskable Interrupt (NMI) 


FFFA 


FFFB 


Software Interrupt (SWI) 


FFF8 


FFF9 


Interrupt Request (IRQ) 



• RAM Enable (RE) 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the HD6802W. When placed in the "High" state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the "Low** state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be "Low" three cycles 
before V^^^ goes below 4.75V during power-down. 

RE should be tied to the correct "High" or "Low" state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 

• EXTALandXTAL 

The HD6802W has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). A divide-by-four circuit has been 
added to the HD6802W so that a 4MHz crystal may be used in 
lieu of a IMHz crystal for a more cost-effective system. Pin39 of 
the HD6802W may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802W. 

If an external clock is used, it may not be halted for more 
than 4.5/Lts. The HE)6802W is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 



Conditions for Crystal (4 MHz) 

• AT Cut Parallel resonant 

• Co = 7 pF max. 

• Ri = son max. 



L. c, R. 



Co 

Crystal Equivalent Circuit 



Recommended Oscillator (4MHz) 



39 pin 
HD6802W 

38 prn 



Crystal 



1 

C, = Cj = 22pF ± 20% 



When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802W. 
• Memory Ready (MR) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is "High", E will be in normal 
operation. When MR is "Low", E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 14. 

MR should be tied "High" if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5ms. 




Figure 14 Memory Ready Control Function 
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• Enable (E) 

This pin supplies the clock for the MPU and the rest of the 
system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent to 02 on the HD6800. 

• ^CC Standby 

This pin supplies the dc voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power-up, power-down, or 
standby condition is guaranteed at the range of 4.0 V to 5.25 V. 

Maximum current drain at 5.25V is 8mA. 



■ MPU INSTRUCTION SET 

The HD6802W has a set of 72 different instructions. 
Included are binary and decimal arithmetic, logical, shift, rotate, 
load, store, conditional or unconditional branch, interrupt and 
stack manipulation instructions. 

This instruction set is the same as that for the 
6800MPU (HD6800 etc.) and is not explained again in this 
data sheet. 

■ NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802W 

In designing the board, the following notes should be taken 
when the crystal oscillator is used. 



HD6802W 




Crystal oscillator and load capacity Cl must be placed near 
the LSI as much as possible. 

r Normal oscillation may be disturbed when external noise is^ 
[^induced to pin 38 and 39. J 



Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don*t wire them in parallel, or normal 
oscillation may be disturbed when E signal is feedbacked to 
XTAL. 



The following design must be avoided. 



Must be avoided 



39 



IF 



1=1 



Signal C 



A signal line or a power source Une must not cross or go near 
the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 
oscillation. The resistance among XTAL, EXTAL and other pins 
should be over lOMH. 



HD6802W 



Figure 1 5 Note for Board Design of the Oscillation Circuit 
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HD6802W 




HD6802W 



(Top View) 

Figure 16 Example of Board Design Using the Crystal Oscillator 
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NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION 

When HALT input signal is asserted to "Low" 
level, the MPU will be halted after the execution of 
the current instruction except WAI instruction. 

Tlie "Halt" signal is not accepted after the fetch 
cycle of the WAI instruction (See ® in Fig. 1 7). In the 
case of the "WAP* instruction, the MPU enters the 
"WAIT** cycle after stacking the internal registers and 



AND HALT OPERATION OF HD6802W 

outputs the "High" level on the BA line. 

When an interrupt request signal is input to the 
MPU, the MPU accepts the interrupt regardless the 
"Halt" signal and releases the "WAIT" state and out- 
puts the interrupts vector address. If the "Halt" signal 
is "Low" level, the MPU halts after the fetch of new 
PC contents. The sequense is shown below. 




:ci)cxi)cz)(zxixzxixi> 



SP(n) SP(n-1)SP<n-2) SP (n-3) SP <n-4) SP (n-5» SP (n-6) 

A r 



"( , X X XI 

Vector Vector New PC 
Addre»t Addrett Address 



f4 



When the interrupt occurs durjng the WAIT CYCLE, the MPU accepts the interrupt even if HALT is at "Low" level 



If this cycle ts at "Low' 
level, the next cycle is 
the Halt cycle 



Figure 17 HD6802WWAIT CYCLE & RaTT Request 
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MPU (Micro Processing Unit) 



The HD6803 MPU is an 8-bit micro processing unit which 
is compatible with the HMCS6800 famUy of parts. The HD6803 
MPU is object code compatible with the HD6800 with improved 
execution times of key instructions plus several new 16-bit and 
8-bit instruction including an 8 x 8 unsigned multiply with 
16-bit result. The HD6803 MPU can be expanded to 65k bytes. 
The HD6803 MPU is TTL compatible and requires one +0.5 
volt power supply. The HD6803 MPU has 128 bytes of RAM, 
Serial Communications Interface (S.C.I.), and parallel I/O as 
well as a three function 16-bit timer. Features and Block 
Diagram of the HD6803 include the following: 

■ FEATURES 

• Expanded HMCS6800 instruction Set 

• 8 X 8 Multiply 

• On-Chip Serial Communications Interface (S.C.t.) 

• Object Code Compatible with The H 06800 MPU 

• 16-Bit Timer 

• Expandable to 65k Bytes 

• Multiplexed Address and Data 

• 128 Bytes of RAM (64 Bytes Retainable On Power 
Down) 

• 13 Parallel I/O Lines 

• Internal Clock/Divided By-Four 

• TTL Compatible Inputs and Outputs 

• interrupt Capability 

• Compatible with MC6803 and MC6803-1 



■ BLOCK DIAGRAM 




(DP-40) 



■ PIN ARRANGEMENT 




Vss(T 
extalE 

NMi E 

IRQ.CE 
«isE 
VccCI 

.E 
E 
Go 

m 

E 

» (H 

.EI 



HD6803 



(Top View) 



Port 

1 




- 








* — 


• 


■ 


• — 



P.0 

Pu 
Pu 

p.t 
P'. 

p., 



■ TYPE OF PRODUCTS 





128x8 




RAM 



Type No. 


Bus Timing 


HD6803 


1.0MHz 


HD6803-1 


1.25MHz 



2i AS 

a D„/Ao 

3 0,/A, 

3 O^/A, 

19 Dj/A, 

a 0,/A, 

3 Ds/As 

a Oe/A, 

a D7/A7 

a Ah 

a 

a A.o 

a An 
a A.a 
E A., 

a A. 
a Au 

Vcc Standby 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc' 


-0.3 +7.0 


V 


Input Voltage 


V.n • 


-0.3 ~ +7.0 


V 


Operating Temperature 


^opr 


~ + 70 


*C 


Storage Temperature 




-55 --+150 





• With respect to Vss (SYSTEM GND) 
(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc -5.0V±5%, Vss - OV, Ta - a-+70°C, unleu otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input "High" Voltage 




V,H 




4.0 




Vcc 


V 


Other Inputs* 




2.0 




Vcc 


Input "Low" Voltage 


All Inputs* 


V,L 




-0.3 




0.8 


V 


Input Load Current 


EXTAL 


Hint 


V,„=0-Vcc 






0.8 


mA 


Input Leakage Current 


NMI, IRQ,. RES 


il.nl 


V,„ = 0-' 5.25V 






2.5 


/iA 


Three State (Offset) 


Pio-^Pn. Do/Ao^ D7/A7 


Ursii 


Vi„ = 0.5 2.4V 






10 


ma 


Leakage Current 


P20 P24 






100 




Do/Ao ^D7/A7 




•load = -205 |iA 


2.4 








Output "High" Voltage 


Ag - A,5 . E, R/W. AS 


VOH 


•load = -145 /LcA 


2.4 






V 




Other Outputs 




•load = -100 /lA 


2.4 








Output "Low" Voltage 


All Outputs 


Vol 


•load = 1-6 mA 






0.5 


V 


Darlington Drive Current 




~'0H 


Vout = 1.5V 


1.0 




10.0 


mA 


Power Dissipation 


Pd 








1200 


mW 


Input Capacitance 


Do/Ao ~ D7/A7 


Cin 


V,n = OV. Ta = 25''C. 






12.5 


PF 


Other Inputs 


f = 1.0 MHz 






10.0 


Vcc Standby 


Powerdown 


VSBB 




4.0 




5.25 


V 


Operating 


VsB 




4.75 




5.25 




Standby Current 


Powerdown 


isBB 


VsBB = 4.0V 






8.0 


mA 



* Except Mode Programming Levels. 
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• AC CHARACTERISTICS 

BUS TIMING (Vcc-S.0V±5%, Vgs-OV, Ta « ^ -t^TO^'C, unlets otherwiM noted.) 



Item 


Symbol 


i esi 
Condi- 
tion 


HD6803 


HD6803-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Cycle Time 


tcyc 




1 




10 


0.8 




10 


/us 


Address Strobe Pulse Width "High" • 


PWash 




200 






150 






ns 


Address Strobe Rise Time 


^ASr 




5 




50 


5 




50 


ns 


Address Strobe Fall Time 


^ASf 




5 




50 


5 




50 


ns 


Address Strobe Delay Time * 


Wo 




60 






30 






ns 


Enable Rise Time 


ter 




5 




50 


5 




50 


ns 


Enable Fall Time 


tEf 




5 




50 


5 




50 


ns 


Enable Pulse Width 


"High" Time * 






450 






340 






ns 


Enable Pulse Width "Low" Time * 


PWel 




450 






350 






ns 


Address Strobe to Enable Delay Time * 


^ASEO 


Fig. 1 


60 






30 






ns 


Address Delay Time 


^AO 








260 






260 


ns 


Address Delay Time for Latch * 


tADL 








270 






260 


ns 


Data Set-up Write Time 


*DSW 




225 






115 






ns 


Data Set-up Read Time 


^DSR 




80 






70 






ns 


Data Hold Time 


Read 


tM« 




10 






10 






ns 


Write 


^MW 




20 






20 






Address Set-up Time for Latch * 


^ASL 




60 






50 






ns 


Address Hold Time for Latch 


^AML 




20 






20 






ns 


Address Hold Time 


tAH 




20 






20 






ns 


Peripheral Read Access Time (Multiplexed Bus)* 


t^ACCM ) 








(600) 






(420) 


ns 


Oscillator stabilization Time 


*RC 


Fig. 8 


100 






100 






ms 


Processor Control Set-up Time 


^PCS 


Fig. 7,8 


200 






200 






ns 



*These timings change in approximate proportion to t^^. The figures in this characteristics represent those when tcyc <s minimum 
(» in the highest speed operation). 



PERIPHERAL PORT TIMING (Vcc " 5.0V ± 5%, Vs$«OV, Ta - - +70''C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Peripheral Data Setup Time 


Port 1,2 


tpDSU 


Fig. 2 


200 






ns 


Peripheral Data Hold Time 


Port 1,2 




Fig. 2 


200 






ns 


Delay Time, Enable Negative 
Transition to Peripheral Data 
Valid 


Port 1,2* 


Wd 


Fig. 3 






400 


ns 



• Except P21 
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TIMER, SCI TIMING (Vcc - S.OV ±5%, Vss - OV, Ti - ~ +70°C, m>lns othtrwiw not«d.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Timer Input Pulse Width 


tpwT 




2tevc+200 






n$ 


Delay Time, Enable Positive Transition to 
Timer Out 


^TOD 


Fig. 4 






600 


ns 


SCI Input Clock Cycle 


^Seyc 




1 






tcyc 


SCI Input Clock Pulse Width 


tpWSCK 




0.4 




0.6 


tScvc 



MODE PROGRAMMING (Vcc - 5.0V ±5%, Vjs - OV, Ti « +70*'C, unlatt oth«rwii« nottd.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Mode Programming Input "Low" Voltage 


Vmpl 


Fig. 5 






1.7 


V 


Mode Programming Input "High" Voltage 


Vmph 


4.0 






V 


KK"Low" Pulse Width 


PWrstl 


3.0 






tcvc 


Mode Programming Set-up Time 


^MPS 


2.0 






tcyc 


Mode Programming 
Hold Time 


FTES Rise Tima ^ l^s 











ni 


ffES Rise Time < l^s 


100 







Addren Strobe 
(AS) 



Enable 

IE) 



R/W A,~A„ 



MPU Write 

Do/Ao-Dt/A; 
(Port 3) 



MPU R«ad 

Do/Ao-Dr/A- 
<Port 3) 




) — iML> — '( 



Figure 1 Expanded Multiplexed Bus Timing 
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-MPU Read 



Enable (E) 



2.4V JC ^2 

j > »POM*" 



2.4V 

■osv 



X 



2.0V 
0.8V 



Figure 2 Data Set-up and Hold Times 
(MPU Read) 



Enable (E) 



All Data 
Port Outputs 



r 



MPU Writ* 



*Not applicable to P„ 



3 



2.2V , 
0.6V 



Figure 3 Port Data Delay Timing 
(MPU Write) 



Enable (E) 




3 ^ 0.8V 0.8V J C 



.PWrsTL ► 



♦ tMPH 



Mode Inputs 



Figure 5 Mode Programming Timing 



Figure 4 Timer Output Timing 



RL = 2.2kn 



Te«t Point O 




yfr 



C - 90 pF for Dq/Ao ~ D7/A7, Ag ~ Ajj, E. AS, R^W 

- 30 pF for P,o - Pi7, P20 - P24 
R - 12 kn for Do/Ao ~ D7/A7, Ag ~ Ajj, E, AS, R/W 

" 24 kn for Pio ~ Pi7. P» ~ P24 
TTL Load 



Figure 6 Bus Timing Test Load 
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LMt Inttructton • 



Internal 
Addraw Bus. 



mi or trq; • 



413 «« «6 



X X X — X — X X y — X — )r-irn t — 

Opcode Op Cod* »in) SPJnt) »{n-2) SP(n-3) SP(n^) 8P«n-5» »{n-n »{n-7) Vector Vector New^ 
Addr Addr MSB AMr LSI 



»t h— »rc8 



ftm- ^ AAA A A A A A A A A A A A A 

Opcode Opcode PCO-PC? PC8~PC15 xo~X7 X8-X16 ACCA aCCS CCR Tr«l««nt Vector Vector Fir«tlnet.or 
OMe MSB tSB 

\ / 



Interne! R/W 



* TWGi, , Intcrnel interrupt 



Figure 7 interrupt Sequence 



7e 



Internet 
Addreu Bui ' 

Internal R/W ^ 



-11- 



\\\\\\\\\\\\\\\\\^^^^ 



\\\\\\v\\\\\\\\\\\\v 



\\\\\\\\\v\\\v\\\\\\v 



,\\msm\s\mm7 — ^fDcz> 

,\s\s\\ssmssmsm\\\\'x:}pDr"D( — xzzxzzxzpc^t^xzxuc: 



FC8--PC1 S K»~PC7 f Irtt 

Inttructton 



Figures Reset Timing 



■ SIGNAL DESCRIPTIONS 

• VccandVss 

These two pins are used to supply power and ground to the 
chip. The voltage supplied will be +5 volts ±5%. 

• XTALandEXTAL 

These connections are for a parallel resonant fundamental 
crystal, AT cut. Devide-by-4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The devide-by-4 circuitry allows for use of the 
inexpensive 3.58 MHz Color TV crystal for non-time critical 
applications. Two 22pF capacitors are needed from the two 
crystal pins to ground to insure reliable operation. An example 
of the crystal interface is shown in Fig. 9. EXTAL may be 
driven by an external TTL compatible source with a 45% to 
55% duty cycle. It will devided by 4 any frequency less than 
or equal to 5 MHz. XTAL must be grounded if an external 
clock is used. 



Nominal Crystal Paramatar 



^'^''-^jQirvstal 


4 MHz 


5 MHz 


Co 


7pF max. 


4.7pF max. 


«S 


60n max. 


30n typ. 



XTAL 



X 



Figure 9 Crystal! nterf ace 



Cli " Cl2 " 22pF * 20% 
(3.2 - 5 MHz) 

(NOTE] AT cut parallal 

resonance parameters 
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• Vcc Standby 

This pin will supply +5 volts ±5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 1 3 
can be utilized to assure that V^c Standby does not go below 
VsBB during power down. 

To retain information in the RAM during power down the 
following procedure is necessary: 

1) Write "0" into the RAM enable bit, RAME. RAME is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 

2) Keep Vcc Standby greater than Vsbb- 



Vcc Standby O- 



) ^ O Power Lint 



Figure 10 Battery Backup for Vcc Standby 

• RMet(Rl§) 

This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must be held 
"Low" for at least 100 ms. When reset during operation, RES 
must be held "Low*' at least 3 clock cycles. 

When a "High" level is detected, the CPU does the follow- 
ing; 

1) All the higher order address lines will be forced "High". 

2) I/O Port 2 bits, 2, 1, and are latched into programmed 
control bits PC2, PCI and PCO. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set. Clear before the CPU can 
recognize maskable interrupts. 

• Enable (E) 

This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide- by- 4 result of the 
crystal oscillator frequency. It will drive one TTL load and 90 
pF capacitance. 

• Non-Maskable Interrupt (NMD 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As with interrupt Request signal, the processor will complete 
the curre nt instruction that is being executed before it recognizes 
the NMI signal. The int errup t mask bit in the Condition Code 
Register has no effe ct on NMI. 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations SFFFC and SFFFD. An address loaded at these loca- 
tions causes the CPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kO, external resistor to Vcc should be used for 
wire-OR and optimu m con trol of interrupts. 

Inputs IRQ{ and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 



E following the completion of an instruction. 

• Interrupt Request (IRQi ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will complete 
the current instruction before it recognizes the request. At 
that time, if the interrupt mask bit in the Condition Code 
Register is not set, the machine will begin an interrupt se- 
quence. The Index Register, Program Counter, Accumulators, 
and Condition Code Register are stored on the stack. Next the 
CPU will respond to the interrupt request by setting the inter- 
rupt mask bit "High" so that no further maskable interrupts 
may occur. At the end of the cycle, a 16-bit address will be 
loaded that points to a vectoring address which is located 
in memory locations $FFF8 and $FFF9. An address loaded 
at these locations causes the CPU to branch to an interrupt 
routine in me mory. 

The IRQ, requires a 3.3 kfi external resistor to Vcc which 
should be used for wire-OR and optimum control of int errup ts. 
Internal Interrupts will use an internal inte rrupt line (IRQ})- 
This interrupt will operate the same as IRQ, except that i t will 
use the vector a ddress of $FFFO through $FFF7. IRQi will 
have priority to IRQ2 if both occur at the same time. | The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 

Table 1 Interrupt Vector Location 



Highest 
Priority 



Lowest 
Priority 



Vector 


Interrupt 


MSB 


LSB 


FFFE 


FFFF 


PTES 


FFFC 


FFFD 


NMI 


FFFA 


FFFB 


Software Interrupt (SWI) 


FFF8 


FFF9 


iWi 


FFF6 


FFF7 


iCF (Input Capture) 


FFF4 


FFF5 


OCF (Output Compare) 


FFF2 


FFF3 


TOF (Timer Overflow) 


FFFO 


FFF1 


SCI (RDRF + ORFE + TORE) 



• Read/Write m/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the CPU is in a Read ("High") or a 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). This output can drive one TTL load and 90pF 
capacitance. 

• Address Strobe (AS) 

In the expanded multiplexed mode of operation, address 
strobe is output on this pin. This signal is used to latch the 8 
LSB's of address which are multiplexed with data on Dq/Aq 
to D7/A7 . An 8-bit latch is utilized in conjunction with Address 
Strobe, as shown in figure 1 1. So Do/Ao to D7/A7 can become 
data bus during the E pulse. The timing for this signal is shown 
in Figure 1 of Bus Timing. This signal is also used to disable the 
address from the multiplexed bus allowing a deselect time, tASD 
before the data is enabled to the bus. 

■ PORTS 

There are two I/O ports on the HD6803 MPU; one 8-bit 
port and one 5 -bit port. Each port has an associated write 
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only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A **r' in the 
corresponding Data Direction Register bit will cause that 1/0 
line to be an output. A "0" in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
two ports: Port 1, Port 2. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 

* The only exception is bit 1 of Port 2, which can either be data 
input or Tuner output 

Table 2 Port and Data Direction Register Addresses 



Ports 


Port Address 


Data Direction 
Register Address 


I/O Port 1 
I/O Port 2 


$0002 
$0003 


$0000 
$0001 



• I/O Port 1 

This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data hnes are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic "I" and less than 0.8 V for a logic "0". As outputs, 
these lines are TTL compatible and may also be used as a source 
of up to 1 mA at 1 .5 V to directly drive a Darlington base. After 
reset, the I/O lines are configured as inputs. 

• I/O Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 



GND • 
AS • 

/ ■ 



Data /Address 



G OC 



74LS373 



Q, 



State when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic "1" and less than 0.8 V for a logic "0". As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After reset, the 1/0 lines arc configured as inputs. 
Three pins on Port 2 (pin 8, 9 and 10 of the chip) are requested 
to set following values (Table 3) during reset. The values of 
above three pins during reset are latched into the three MSBs 
(Bit 5 , 6 and 7) of Port 2 which are read only. 

Port 2 can be configured as I/O and provides access to the 
Serial Communications Interface and the Timer. Bit 1 is the 
only pin restricted to data input or Timer output. 

Table 3 The Values of three pins 



Pin Number 


Value 


8 


L 


9 


H 


10 


L 



(NOTES) L; Logical "0" 
H; Logical "1" 



BUS 



• Data/ Address Lines (Do/Ao D7/A7) 

Since the data bus is multiplexed with the lower order 
address bus in Data/ Address, latches are required to latch those 
address bits. The 74LS373 Transparent Octal D-type latch can 
be used with the HD6803 to latch the least significant address 
byte. Figure 1 1 shows how to connect the latch to the HD6803. 
The output control to the 74LS373 may be connected to 
ground. 

• Address Lines (As ^ Ais ) 

Each line is TTL compatible and can drive one TTL load and 
90 pF. After reset, these pins become output for upper order 
address lines (As to A15 ). 

■ INTERRUPT FLOWCHART 

The Interrupt flowchart is depicted in Figure 16 and is com- 
mon to every interrupt excluding reset. 



Function Table 



Data: D^^D, 



Output 
Control 


G 


Enable 

D 


Output 



L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Q« 


H 


X 


X 


z 



Figure 1 1 Latch Connection 
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■ MEMORY MAP 

The MPU can provide up to 65k byte address space. A 
memory map is shown in Figure 12. The first 32 locations are 
reserved for the MPU*s internal register area, as shown in Table 
4 with exceptions as indicated. 

Table 4 Internal Register Area 



Register 


Address 


Port 1 Data Direction Register** 


00 


Port 2 Data Direction Register** 


01 


Port 1 Data Register 


02 


Port 2 Data Register 


03 


Not Used 


04* 


Not Used 


05* 


Not Used 


06* 


Not Used 


07* 


Tinner Control and Status Register 


08 


Counter (High Byte) 


od 


Counter (Low Byte) 


OA 


Output Compare Register (High Byte) 


OB 


Output Compare Register (Low Byte) 


oc 


Input Capture Register (High Byte) 


OD 


Input Capture Register (Low Byte) 


OE 


Not Used 


OF* 


Rate and Mode Control Register 


10 


Transmit/Receive Control and Status Register 


11 


Receive Data Register 


12 


Transmit Data Register 


13 


RAM Control Register 


14 


Reserved 


15-1F 



• External Address 

• • 1 ; Output, 0; Input 

Multiplexed/RAM 
$0000 
$001 F 
$0080 

$OOFF 




$FFFO 
$FFFF 



Internal Registers 
External Memory Space 

Internal RAM 



External Memory Space 



External Interrupt Vectors 



(NOTE] 

Excludes the following addresses which may 
be used externally. $04, $05, $06, $07, and 
$0F. 

Figure 12 H 06803 Mennory Map 



■ PROGRAMMABLE TIMER 

The HD6803 contains an on-chip 16-bit programmable timer 
which may be used to measure an input waveform while inde- 
pendently generating an output waveform. Pulse widths for 
both input and output signals may vary from a few micro- 
seconds to many seconds. The timer hardware consists of 

• an 8-bit control and status register, 

• a 16-bit free running counter, 

• a 16-bit output compare register, 

• a 16-bit input capture register 

A block diagram of the timer registers is shown in Figure 13. 

• FrM Running Counter ($0009:$000A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the CPU software at 
any time. The counter is cleared to zero by reset and may be 
considered a read-only register with one exception. Any CPU 
write to the counter*s address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 

• Output Compare Register ($OOOB:$OOOC) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a **V* (Output), 
the output level register value wOl appear on the pin for Port 2 
Bit 1 . The values in the Output Compare Register and Output 
Level bit may then be changed to control the output level on 
the next compare value. The Output Compare Register is set to 
SFFFF during reset. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 

• Input Capture Register ($OOOD:$OOOE) 

The Input Capture Register is a 16-bit read-only register used 
to store the cunrent value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit (lEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should * be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

The input pulse width must be at least two E-cycles to 
ensure «i input capture under all conditions. 

• With Port 2 Bit configured as an output and set to "1", the 
external input will still be seen by the edge detect unit. 
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Output Comp*'* I Ov«fio,«Ott«ct Edge 



OwiiowOttact 



Edge Dtttct 

T 



T.m«r b7f . . . 

^"^° 1'CP|OCFi^F^ICI^0O^T0^IEDGiDLVtJ 

Si»iu« I ' 

Regitttr ' ' I ' 
SOB 



Output 
Level 
Rtgitter 



Output nput 

Level Edge 

Bit 1 Bit 

Port 2 ^rt 2 



Figure 13 Block Diagram of Programmable Timer 



Timer Control and Status Register 
6 5 4 3 2 1 



TOP 



EICI EOCI 



ETOI lEDG I OLVL $0008 



• Timor Control and Status Ragitttr (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate the followings: 

* a proper transition has taken place on the input pin with a 
subsequent transfer of the current counter value to the 
input capture register. 
*a match has been found between the value in the free 
ruiming counter and the output compare register, and 
when $0000 is in the free running counter. 
Ea ch of the flags may be enabled onto the HD6803 internal 
bus (IRQ:) with an individual Enable bit in the TCSR. If the 
1-bit in the HD6803 Condition Code register has been cleared, a 
prior vectored interrupt will occur corresponding to the flag 
bit(s) set. A description for each bit follows: 
Bit OLVL Output Level - This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set. the value will 
appear on the output pin. 
Bit 1 lEDG Input Edge - This bit controls wluch transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
must be clear for this function to operate. lEDG 
- Transfer takes place on a negative edge 
(**High**-to-"Low" transition). 
lEDG = 1 Transfer takes place on a positive edge 



(*'Low'*-to-**High" transition). 
Bit 2 ETOI Enable Ti mer Ov erflow Interrupt - When set, this 
bit enables IRQj to occur on the internal bus for a 
TOP interrupt; when clear the interrupt is in- 
hibited. 

Bit 3 EOCI Enable Output Com pare Interrupt - When set, 
this bit enables IRQ, to appear on the internal t>us 
for an output compare interrupt; when clear the 
interrupt is inhibited. 

Bit 4 EICI Enable inp ut Cap ture Interrupt - When set, this 
bit enables IRQj to occur on the internal bus for 
an input capture interrupt; when clear the inter- 
rupt is inhibited. 

Bit 5 TOF Timer Overflow Flag - This read-only bit is set 
when the counter contains SFFFF. It is cleared by 
a read of the TCSR (with TOF set) followed by an 
CPU read of the Counter ($09). 

Bit 6 OCF Output Compare Flag - This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an CPU write to the output compare 
register (SOB or SOC). 

Bit 7 ICF Input Capture Flag - This read-only status bit is 
set by a proper transition on the input, it is cleared 
by a read of the TCSR (with ICF set) followed by 
an CPU read of the Input Capture Register ($0D). 
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■ SERIAL COMMUNICATIONS INTERFACE 

The HD6803 contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 
CPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 

• Wak«>Up Ftature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MPU's 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
**wakes-up") for the next message. The "wake-up" is auto- 
matically triggered by a strmg of ten consecutive I's which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 

• Programmable Options 

The following features of the HD6803 serial 1/0 section are 
programmable: 

• format - standard mark/space (NRZ) 

• Clock ~ external or internal 

• baud rate - one of 4 per given CPU ^2 clock frequency or 
external clock x8 input 

• wake-up feature - enabled or disabled 

• Interrupt requests - enabled or masked individually for 
transmitter and receiver data registers 

• clock output - internal clock enabled or disabled to Port 
2 (Bit 2) 

• Port 2 (bits 3 and 4) - dedicated or not dedicated to serial 
I/O individually for transmitter and receiver. 

• Sarial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 14. The registers include: 

• an 8-bit control and status register 

• a 4-bit rate and mode control register (write only) 

• an 8-bit read only receive data register and 

• an 8-bit write only transmit data register. 

In addition to the four registers, the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or externai-clock-in 
options are selected. 

Transmit/Racaiva Control and Status (TRCS) Register 

Tlie TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bits 0*^4 may be written. The 
register is initialized to $20 by reset. The bits in the TRCS 
register are defined as follows: 



1 


cci 


ceo 


SSI 


sso 1 


Tranimit/Rcceive Control and 


Statu! Rcgitt 


If 


Irorf 


ORFE 


TORE 


RIE 


RE 


TIE 


TE 





Receive Data R«gi»ty 



i 



ZD' 



(Not Addrettable) 



Receive Shift Register 



Bit Rate 
Generator 



(Not AcMretsablel 



Transmit Shift Register 



Bit WU 



Bit 1 TE 



Bit 2 TIE 



Bit 3 RE 



Bit 4 RIE 



Transmit Data Register 
Figure 14 Serial I/O Registers 

"Wake-up" on Next Message - set by HD6803 
software and cleared by hardware on receipt of 
ten consecutive I's or reset of RE flag. It should 
be noted that RE flag should be set in advance of 
CPU set of WU flag. 

Transmit Enable - set by HD6803 to produce 
preamble of nine consecutive I's and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial I/O has no effect on Port 2 
bit 4. 

TE set should be after at least one bit time of data 
transmit rate from the set-up of transmit data 
rate and mode. 

Transmit Interrupt Enable - when set, will pennit 
an IRQ2 interrupt to occur when bit 5 (TDRE) is 
set; when clear, the TDRE value is masked from 
the bus. 

Receiver Enable - when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial I/O has no effect on Port 2 
bit 3. 

Receiver Interrupt Enable - when set, will permit 
an IRQ2 interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt is 
masked. 



Transmit/Receive Control and Status Register 



7 


6 


5 


4 


3 


2 


1 





RORF 


ORFE 


TDRE 


RIE 


RE 


TIE 


TE 


WU 



ADOR $0011 
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Bit S TORE Transmit Data Register Empty - set by hardware writing a new byte into the transmit data register, 

when a transfer is made from the transmit data TORE is initialized to 1 by reset, 

register to the output sliift register. The TORE bit Bit 6 ORFE Over- Run- Framing Error - set by hardware when 
is cleared by reading the status register, then an overrun or framing error occurs (receive only). 

Rate and Mode Control Register 



CC1 CCD 



SSI SSO 



ADDR : $0010 



An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. A framing 
error has occured when the byte boundaries in bit 
stream are not synchronized to bit counter. If 
WU-flag is set, the ORFE bit will not be set. The 
ORFE bit is cleard by reading the status register, 
then reading the Receive I>ata Register, or by 
reset. 

Bit 7 RDRF Receiver Data Register Full -set by hardware when 
a transfer from the input shift register to the 
receiver data register is made. If WU-flag is set, the 
RDRF bit will not be set. The RDRF bit is cleared 
by reading the status register, then reading the 
Receive Data Register, or by reset. 

Rate and Mode Control Register (RMCR) 

The Rate and Mode Control register controls the following 
serial I/O variables: 
• Baud rate 



• format 

• clocking source, 

• Port 2 bit 2 configuration 

The register consists of 4 bits all of which are write-only and 
cleared by reset. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining twq bits control the 
format and clock select logic. The register definition is as 
follows: 

Bit SSO 1 Speed Select - These bits select the Baud rate for 
Bit 1 SSI J the internal clock. The four rates which may be 
selected are a function of the CPU 02 clock 
frequency. Table 5 lists the available Baud rates. 
Bit 2 ceo 1 Clock Control and Fomiat Select - this 2-bit field 
Bit 3 CC1 J controls the format and clock select logic. Table 6 
defines the bit field. 



Table 5 SCI Bit Times and Rates 



SSI : SSO 


XTAL 


2.4576 MHz 


4.0 MHz 


4.9152 MHz* 


E 


614.4 kHz 


1 .0 MHz 


1.2288 MHz 




1 

1 
1 1 


E-H 16 
E^ 128 
E^1024 
E ^ 4096 


26 ^s/38,400 Baud 
208 /us/4 ,800 Baud 
1 .67 ms/600 Baud 
6.67 ms/150 Baud 


16/L(s/62.500Baud 
128 /is/7812.5 Baud 
1 .024 ms/976.6 Baud 
4.096 ms/244.1 Baud 


13.0ms/76,800 Baud 
104.2 /is/9,600 Baud 
833.3 /uis/l. 200 Baud 
3.33 ms/300 Baud 



' HD6803-1 Only 



Table 6 SCI Format and Clock Source Control 



CC1: 


ceo 


Format 


Clock Source 


Port 2 Bit 2 


Port 2 Bit 3 


Port 2 Bit 4 





















1 


NRZ 


Internal 


Not Used 


• • 




1 





NRZ 


Internal 


Output* 


• • 




1 


1 


NRZ 


External 


Input 


• • 


• • 



Clock output IS available regardless of values for bits RE and TE 

Bit 3 is used for serial input if RE = "1 " m TRCS, bit 4 is used for serial output if TE - "1" in TRCS. 



Internally Generated Clock 

If the user wishes for the serial I/O to furnish a clock, the 
following requirements are applicable: 

• the values of RE and TE are immaterial. 
•CCl.CCO must be set to 10 

• the maximum clock rate will be E - 16. 

• the clock will be at Ix the bit rate and will have a rising 
edge at mid-bit. 



Externally Generated Clock 

If the user wishes to provide an external clock for the serial 
I/O, the following requirements are applicable: 

• the CCl , CCO, field in the Rate and Mode Control Register 
must be set to 1 1 , 

• the external clock must be set to 8 times (x8) the desired 
baud rate and 

• the maximum external clock frequency is 1 .0 MHz. 
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• Serial Operations 

The serial I/O hardware should be initialized by the HD6803 
software prior to operation. This sequence will normally consist 
of; 

* writing the desired operation control bits to the Rate and 
Mode Control Register and 

• writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 

Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value f or Por t 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of I's. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift 
register and transmission of the data word will begin. 

During the data transmit, the start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6803 fails to respond to the flag within the proper 
time, (TDRE is still set when the next nomial transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead of a 0) at "Start" bit time, 
followed by more I's until more data is supplied to the data 
register. No O's will be sent while TDRE remains a 1 . 
Receive Operation 

The receive operation is enabled by the RE bit winch gates in 
the serial input through Port 2, Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1 , the 
data IS transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE will be set. indicating an overrun has occurred. When the 
HD6803 responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 

■ RAM CONTROL REGISTER 

This register, which is addressed at S0014. gives status 
information about the standby RAM. A in the RAM enable 
bit (RAME) will disable the standby RAM, thereby protecting 



it at power down if Vcc Standby is held greater than Vsbb 
volts, as explained previously in the signal description for Vcc 
Standby. 



RAM Control Register 



STBY 
PWR 


RAME 


X 


X 


X 


X 


X 



Bit Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 

Bit 6 RAME The RAM Enable control bit allows the user the 
ability to disable the standby RAM. This bit is set 
to a logic "1" by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 

Bit 7 STBY The Standby Power bit is cleared when the stand- 
PWR by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 

The HD6803 is upward object code compatible with the 
HD6800 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added; these include 16-bit operations and a hardware multiply. 

Included in the instruction set section are the following: 

• CPU Programming Model -Figure 15. 

• Addressing modes 

• Accumulator and memory instructions - Table 7 

• New instructions 

• Index register and stack manipulations instructions - Table 
8 

• Jump and branch instructions - Table 9 

•Condition code register manipulation instructions - Table 10 

• Instructions Execution times in machine cycles — Table 
I I 

• Summary of cycle by cycle operation - Table 1 2 

• Summary of undefined instructions - Table 13 

• CPU Programming Model 

The programming model for the HD6803 is shown in Figure 
15. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy information in 
A and B. 
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Condition Codt Ragiitar (CCR) 

Carry/Borrow from MSB 
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Nagativa 

Intarrupt 

Ha« Carry (From Bit 3) 



Figure 15 CPU Programming Model 



• CPU Addretiing Modes 

The HD6803 8-bit micro processing unit has seven address 
modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
within the instruction. A summary of the addressing modes for 
a particular instruction can be found in Table 1 1 along with the 
associated instruction execution time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 

Accumulator (ACCX) Addressing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which have 
the operand in the second and third bytes of the instruction. 
The CPU addresses this location when it fetches the immediate 
instruction for execution. These are two or three-byte instruc- 
tions. 
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Table 7 Accumulator & Memory Instructions 



Addressing Modes 



Operations 


Mnemonic 


IMMED 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


Boolean/ 
Arithmetic Operation 


5 


4 


3 


2 


1 





OP 






OP 






OP 




# 


OP 






OP 






N 


1 


N 


z 




c 


Add 


ADDA 


8B 


2 


2 


9B 


3 


2 


AB 


4 


2 


BB 


4 


3 








A + M - A 


J 






I 




{ 


ADDB 


CB 


2 


2 


DB 


3 


2 


EB 


4 


2 


FB 


4 


3 








B + M -» B 


I 






I 




I 


Add Double 


ADDD 


C3 


4 


3 


D3 


5 


2 


E3 


6 


2 


F3 


6 


3 








A B + M M + 1- A B 


• 






I 




I 


Add Accumulators 


ABA 


























IB 


2 


1 


A + B - A 


I 






I 




1 


Add With Carry 


ADCA 


89 


2 


2 


99 


3 


2 


A9 


4 


2 


B9 


4 


3 








A + M + C - A 


J 






I 


i- 


: 


ADCB 


C9 


2 


2 


D9 


3 


2 


E9 


4 


2 


F9 


4 


3 








B + M + C — B 


t 






I 




I 


AND 


ANDA 


84 


2 


2 


94 


3 


2 


A4 


4 


2 


B4 


4 


3 








A-M - A 






-J 


I 


R 


• 


ANDB 


C4 


2 


2 


D4 


3 


2 


E4 


4 


2 


F4 


4 


3 








B-M - B 


• 




I 


: 


R 


• 


Bit Test 


BIT A 


85 


2 


2 


95 


3 


2 


A5 


4 


2 


B5 


4 


3 








A-M 


• 




: 


I 


R 


• 


BIT B 


C5 


2 


2 


D5 


3 


2 


E5 


4 


2 


F5 


4 


3 








B-M 


• 




t 


I 


R 


• 


Clear 


CLR 














6F 


6 


2 


7F 


6 


3 








00 - M 


• 




R 


S 


R 


R 


CLRA 


























4F 


2 


1 


00 - A 


• 




R 


S 


R 


R 


CLRB 


























5F 


2 


1 


00 - B 






R 


S 


R 


R 


Compare 


CMPA 




2 


2 






2 






2 














A-M 


• 








: 


I 





CI 


2 


2 


D1 


3 


2 


5 1 


4 


2 


p 1 


4 


3 




















J 


Compare 
Accumulators 


CBA 


























11 


2 


1 


A - B 


• 








: 


I 


Complement, 1 's 


COM 












63 


6 


2 


73 


6 


3 








M - M 


• 




J 


t 


R 


S 


COMA 


























43 


2 


1 


A - A 


• 




: 


t 


R 


s 


COMB 


























53 


2 


1 


B -B 


• 




: 


I 


R 


s 


Complement, 2's 
(Negate) 


NEC 














60 


6 


2 


70 


6 


3 








00 - M - M 


• 




: 




CD 


@ 


NEGA 


























40 


2 


1 


00 - A A 


• 




I 




CD 


(D 


NEGB 


























50 


2 


1 


00 - B - B 


• 




J 


I 


© 


® 


Decimal Adjust, A 


DAA 


























19 


2 


1 


Converts binary add of BCD 
characters into BCD format 










I 


Q) 


Decrement 


DEC 














6A 


6 


2 


7A 


6 


3 








M - 1 ^ M 










® 


• 


DECA 


























4A 


2 


1 


A - 1 - A 


• 








® 


• 


DECB 


























5A 


2 


1 


B - 1 - B 


• 




t 


I 


® 


• 


Exclusive OR 


EORA 


88 


2 


2 


98 


3 


2 


A8 


4 


2 


B8 


4 


3 








A (?) M - A 


• 






: 


R 


• 


EORB 


C8 


2 


2 


D8 


3 


2 


E8 


4 


2 


F8 


4 


3 








B (+. M- B 


• 




J 


J 


R 


• 


Increment 


INC 














6C 


6 


2 


7C 


6 


3 








M + 1 - M 


• 




J 


I 


(D 


• 


INCA 


























4C 


2 


1 


A + 1 - A 


• 




: 


: 


(D 


• 


INCB 


























5C 


2 


1 


B + 1 • B 


• 




I 


t 


<D 


• 


Load 

Accumulator 


LDAA 


86 


2 


2 


96 


3 


2 


A6 


4 


2 


B6 


4 


3 








M A 


• 




I 


: 


R 


• 


LDAB 


C6 


2 


2 


D6 


3 


2 


E6 


4 


2 


F6 


4 


3 








M - B 


• 




1 


1 


R 


• 


Load Double 
Accumulator 


LDD 


CC 


3 


3 


DC 


4 


2 


EC 


5 


2 


FC 


5 


3 








M + 1 - 8, M - A 










R 


• 


Multiply Unsigned 


MUL 


























3D 


10 


1 


A X B • A B 


• 




• 


• 


• 




OR, Inclusive 


ORAA 


8A 


2 


2 


9A 


3 


2 


AA 


4 


2 


BA 


4 


3 








A + M - A 


• 




: 




R 


• 


ORAB 


CA 


2 


2 


DA 


3 


2 


EA 


4 


2 


FA 


4 


3 








B + M- B 


• 






t 


R 


• 


Push Data 


PSHA 


























36 


3 


1 


A - Msp, SP - 1 - SP 






• 


• 


• 


• 


PSHB 


























37 


3 


1 


B - Msp, SP - 1 • SP 






• 


• 


• 


• 


Pull Data 


PULA 


























32 


4 


1 


SP + 1 - SP, Msp • A 






• 


• 


• 


• 


PULB 


























33 


4 


1 


SP + 1 - SP, Msp - B 






• 


• 


• 


• 


Rotate Left 


ROL 














69 


6 


2 


79 


6 


3 














I 


: 


® 


: 


ROLA 


























49 


2 


1 


. ] Irvi I I 1 I 1 ! 1 |J 








J 


(s) 


: 


ROLB 


























59 


2 


1 


g j C b7 bo 






t 


I 


(D 


I 


Rotate Right 


ROR 














66 


6 


2 


76 


6 


3 


















® 


I 


RORA 


























46 


2 


1 


A'kKJ ! I ( I iTP 

g J C b7 bO 










<D 


: 


RORB 


























56 


2 


1 








I 


© 





The Condition Code Register notes are listed after Table 10 
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Table 7 Accumulator & Memory Instructions (Continued) 



Addressinq Modes 



Operations 


Mnemonic 


IMMED. 


DIRECT 


INDEX 


EXTEND 


IMPLIED 


Boolean/ 
Arithmetic Operation 


5 


4 


3 


2 


1 





OP 






OP 






OP 






OP 






OP 






H 


1 


N 


z 


V 


c 


Shift Left 
Arithmptic 


ASL 














68 


6 


2 


78 


6 


3 










• 










t 


ASLA 


























48 


2 


1 


A f H M " 1 1 1 K-0 












1 


ASLB 


























58 


2 


1 


B J C b7 bO 


• 




1 




(D 


t 


Double Shift 
Left, Arithmetic 


ASLD 


























05 


3 


1 


1 W ACC A/ ACC B k-o 

C A7 AO B7 BQ 








1 




I 


Shift Riqht 
Arithmetic 


ASR 














67 


6 


2 


77 


6 


3 


















® 


t 


ASRA 


























47 


2 


1 


a! f^l 1 1 1 I 1 I HJ 






J 




(D 


t 


ASRB 


























57 


2 


1 


b) «>' bO XT 


• 




t 




® 


t 


Shift Riflht 
Loqical 


LSR 














64 


6 


2 


74 


6 


3 










• 




R 






$ 


LSRA 


























44 


2 


1 


A oH 1 1 1 1 1 1 1 

g) b7 bO C 


• 




R 




(D 


t 


LSRB 


























54 


2 


1 


• 




R 




(§) 


1 


Double Shift 
Right Logical 


LSRD 


























04 


3 


1 


0-4 ACC A/ AdtB 
A7 AO 87 BO 


• 




R 




(6) 


t 


Store 

Accumulator 


ST A A 








97 


3 


2 


A7 


4 


2 


B7 


4 


3 








A M 


* 










* 


STAB 








D7 


3 


2 


E7 


4 


2 


F7 


4 


3 








B -» M 


• 








R 


• 


Store Double 
Accumulator 


STD 








DD 


4 


2 


ED 


5 


2 


FD 


5 


3 








A-» M 
B -» M 4 1 


• 




t 




R 


• 


Subtract 


SUBA 


80 


2 


2 


90 


3 


2 


AO 


4 


2 


80 


4 


3 








A-M -A 








1 






SUBB 


CO 


2 


2 


DO 


3 


2 


EO 


4 


2 


FO 


4 


3 








B -M -B 


• 




X 








Double Subtract 


SUBD 


83 


4 


3 


93 


5 


2 


A3 


6 


2 


83 


6 


3 








A.B-M:M-t-1-»A:B 














Subtract 
Arcu mutators 


SBA 


























10 


2 


1 


A-B- A 














Subtract 
With Carry 


SBCA 


82 


2 


2 


92 


3 


2 


A2 


4 


2 


82 


4 


3 








A-M-C- A 














SBCB 


C2 


2 


2 


D2 


3 


2 


E2 


4 


2 


F2 


4 


3 








B -M -C- 8 














Transfer 
Accumulators 


TAB 


























16 


2 


1 


A^ 8 










R 


• 


TBA 


























17 


2 


1 


B - A 










R 


• 


Test Zero or 
Minus 


TST 














6D 


6 


2 


7D 


6 


3 








M~00 










R 


R 


TSTA 


























4D 


2 


1 


A -00 










R 


R 


TSTB 


























5D 


2 


1 


8-00 










R 


R 



Condition Code 
Register 



The Condition Code Reiiist^r notes are listed after Table 10. 



Direct Addressing 

In di»'ect addressing, the address of the operand is contained 
in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
i.e., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing, the address contained in the second 
byte of the instruction is used as the higher 8-bits of the address 
of the operand. The third byte of the instruction is used as the 
lower 8-bits of the address for the operand. This is an absolute 
address in memory. These are three-byte mstructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register's lowest 



8-bits in the CPU. The carry is then added to the higher 
order 8-bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter's lowest 
8-bits plus two. The carry or borrow is then added to the high 
8-bits. This allows the user to address data within a range of 
-126 to +129 bytes of the present instruction. These are two- 
byte instructions. 
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• New Instructions 

In addition to the existing 6800 Instruction Set, the following new instructions are 
incorporated in the HD6803 Microcomputer. 



ABX Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 

the possible carry out of the low order byte of the X-Register. 
ADDD Adds the double precision ACCD* to the double precision value MiM-t-l and places 

the results in ACCD. 

ASLD Shifts all bits of ACCD one place to the left. Bit is loaded with zero. The C bit is 

loaded from the most significant bit of ACCD. 
LDD Loads the contents of double precision memory location into the double 

accumulator A:B. The condition codes are set according to the data. 
LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 

is loaded from the least significant bit to ACCD. 
MUL Multiplies the 8 bits in accumulator A with the 8 bits in accumulator b to obtain a 

16-bit unsigned number in A:B, ACCA contains MSB of result. 
PSHX The contents of the index register is pushed onto the stack at the address contained 

in the stack pointer. The stack pointer is decremented by 2. 
PULX The index register is pulled from the stack beginning at the current address 

contained in the stack pointer +1. The stack pomter is incremented by 2 in total. 
SID Stores the contents of double accumulator A:B in memory. The contents of ACCD 

remain unchanged. 

SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB 
and places the result in ACCD. 

BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 
operation) requiring three cycles for execution. 

CPX Internal processing modified to permit its use with any conditional branch in- 
struction. 

♦ACCD'is the 16 bit register (A B) formed by concatenating the A and B accumulators The A-accumu- 
lator is the most significant byte. 

Table 8 Index Register and Stack Manipulation Instructions 



Pointer Operations 



Addressing Modes 



INDEX 



Boolean/ 
Arithnnetic Operation 



Ck}ndition Code 
Register 



Compare Index Reg 



Decrement Index Reg 



Decrement Stack Pntr 



DES 



Increment index Reg 



Increment Stack Pntr 



SP + 1 -» SP 



Load Index Reg 



M- Xh. IM+ Xl 



Load Stack Pntr 



M-^ SPh. (M+1)-SPl 



Store index Reg 



Xh M, Xl- (M + 1) 



(2) 



Store Stack Pntr 



STS 



9F 



SPh VI. SPl-» (M + 1) 



index Reg Stack Pntr 



Stack Pntr -» Index Reg 



Add 



Push Data 



, SP - 1 - SP 
, SP - 1 SP 



Pull Data 



SP + 1 - SP. M,p- Xh 
SP + 1 - SP.M-o- X, 



The Condition Code Register notes are listed after Table 10 
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Table 9 Jump and Branch Instructions 



Addressing Modes 



Operations 


Mnemonic 


RELATIVE 


DIRECT 


INDEX 


EXTND 


IMPLIED 


Branch Test 


5 


4 


3 


2 


1 





OP 




# 


OP 




# 


OP 




# 


OP 




# 


OP 




# 


H 


1 


N 


Z 


V 


C 


Branch Always 


BRA 


20 


3 


2 


























None 














Branch Never 


BRN 


21 


3 


2 


























None 


* 












Branch If Carry Clear 


BCC 


24 


3 


2 


























C " 






— 








Branch If Carry Set 


BCS 


25 


3 


2 


























C- 1 


• 


• 


• 






• 


Branch If - Zero 


BEQ 


27 


3 


2 


























Z - 1 


• 


• 


• 






• 


Branch If > Zero 


BGE 


2C 


3 


2 


























N @ V - 














Branch If > Zero 


BGT 


2E 


3 


2 


























Z -KN ® V) -0 












• 


Branch If Higher 


BHI 


22 


3 


2 


























C + Z-0 


• 


• 


• 




• 


• 


Branch If < Zero 


BLE 


2F 


3 


2 


























Z + (N <D V) - 1 


• 


• 


• 




• 


• 


Branch If Lower Or 
Same 


BLS 


23 


3 


2 


























C-fZ- 1 














Branch If < Zero 


BLT 


2D 


3 


2 


























N ® V - 1 




• 


• 




* 


* 


Branch If Minus 


BMI 


2B 


3 


2 


























N - 1 














Branch If Not Equal 
Zero 


BNE 


26 


3 


2 


























Z-0 














Branch If Overflow 
Clear 


BVC 


28 


3 


2 


























V-0 














Branch If Overflow Set 


BVS 


29 


3 


2 


























V- 1 












• 


Branch If Plus 


BPL 


2A 


3 


2 


























N » 














Branch To Subroutine 


BSR 


BD 


6 


2 








































Jump 


JMP 














6E 


3 


2 


7E 


3 


3 




















Jump To Subroutine 


JSR 








9D 


5 


2 


AD 


6 


2 


BD 


6 


3 




















No Operation 


NOP 


























01 


2 


1 


Advances Prog. Cntr. 
Only 














Return From Interrupt 


RTI 


























3B 


10 


1 




(D — 




Return From 
Subroutine 


RTS 


























39 


5 


1 




• 










Software Interrupt 


SWI 


























3F 


12 


1 




S 










Wait for Interrupt 


WAI 


























3E 


9 


1 




(D 











Condition Code 



Table 10 Condition Code Register Manipulation Instructions 







AddressingModes 




Condition Code Register 


Operations 


Mnemonic 


IMPLIED 


Boolean Operation 


5 


4 


3 


2 


1 









OP 




# 




H 


1 


N 


Z 


V 


c 


Clear Carry 


CLC 


OC 


2 




0-C 




• 






• 


R 


Clear Interrupt Mask 


CLI 


OE 


2 




0-* 1 




R 






• 


• 


Clear Overflow 


CLV 


OA 


2 




0- V 




• 






R 


• 


Set Carry 


SEC 


OD 


2 




1 -» C 




• 






• 


s 


Set Interrupt Mask 


SEI 


OF 


2 




1 - 1 




S 






• 


• 


Set Overflow 


SEV 


OB 


2 




1 - V 




• 






S 


• 


Accumulator A CCR 


TAP 


06 


2 




A- CCR 




CCR -» Accumulator A 


TPA 


07 


2 




CCR - A 


.1.1. I.M. 



Condition Code Register Notes: (Bit set it test is true and cleared otherwise) 

Q) (Bit V) Test. Result « 10000000? 

I (Bit C) Test Result * 00000000? 

) (Bit C) Test Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 

) (Bit V) Test. Operand - 10000000 prior to execution? 

) (Bit V) Test Operand « 01 1 1 1 1 1 1 prior to execution? 

) (Bit V) Test: Set equal to result of N C after shift has occurred. 

^ (Bit N) Test- Result less than zero? (Bit 15-1) 

* (All) Load Condition Code Register from Stack. (See Special Operations) 

' (Bit I ) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 

(All) Set according to the contents of Accumulator A 

(Bit C) Set equal to result of Bit 7 (ACCB) 
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Table 11 instruction Execution Times in Machine Cycle 





ACCX 


Imme- 
diate 


Direct 


Ex- 
tended 


In- 
dexed 


Im- 
plied 


Re- 
letive 




ACCX •'T"?*' 
diste 


Direct 


Ex- 
tended 


In- 
dexed 


Im- 
plied 


ABA 






* 






2 


* 


INX 


* * 


* 


* 


* 


3 


ABX 




* 


* 


* 


* 


3 


* 


JMP 


• • 


• 


3 


3 


• 


ADC 


* 


2 


3 


4 


4 


* 


* 


JSR 


• • 


5 


6 


6 


• 


ADO 




2 


3 


4 


4 


* 


* 


LOA 


• 2 


3 


4 


4 


• 


AODD 




4 


5 


6 


6 


* 


* 


LOO 


• 3 


4 


5 


5 


• 




* 


2 


3 


4 




* 


* 


LOS 


• 3 


4 


5 


5 


• 






* 


* 


6 




* 


* 


LOX 


• 3 


4 


5 


5 


• 


ASLD 














* 


LSR 


2 • 


* 


6 


6 


• 


ASR 








6 






* 


LSRO 


* * 


* 


* 


* 


3 


BCC 














3 


MUL 










10 


BCS 














3 


NEG 






6 






BEQ 


• 












3 












2 


BGE 
















ORA 












BGT 














^ 


PSH 












BHI 




























BIT 
















PUL 












BLE 














3 


PULX 










g 


BLS 














3 


POL 






g 






BLT 














3 


ROR 






g 






BMI 














3 


RTI 










10 


BNE 














3 


RTS 










g 


BPL 














3 


SBA 










2 


BRA 














3 


SBC 






4 






BRN 














3 


SEC 










2 


BSR 














g 


SEI 










2 


BVC 














3 


SEV 










2 


BVS 














3 


STA 






4 






CBA 












2 




STD 






5 


5 




CLC 












2 


* 


STS 


* 




5 


5 


* 














2 


* 


STX 


* 




5 


5 


* 


CLR 




* 




6 




* 


* 


SUB 


• 2 


3 


4 


4 


* 


CLV 




* 




* 


* 


2 


* 


SUBD 


• 4 


5 


6 


6 


* 


CMP 


* 






4 




* 


* 


SWI 


* * 


* 


* 


* 


12 


COM 








6 




• 




TAB 










2 


CPX 








6 




• 




TAP 










2 


OAA 








• 




2 




TBA 










2 


DEC 








6 




• 




TPA 










2 


OES 








• 




3 




TST 










• 


OEX 








• 




3 




TSX 










3 


EOR 








4 




• 




TXS 










3 


INC 


2 






6 


6 


• 




WAI 










9 


INS 


• 






• 


• 


3 

















Re- 
lative 
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• Summary of Cycle by Cyd* Operation 

Table 12 provides a detailed description of the information 
present on the Address Bus. Data Bus, and the Read/Write line 
(R/W) during each cycle for each instruction. 

This information is useful in comparing actual with expected 
results during debug of both software and hardware as the 



control program is executed. The information is categorized in 
groups according to addressing mode and number of cycles per 
instruction. (In general, instructions with the same addressing 
mode and number of cycles execute in the same manner : ex- 
ceptions are indicated in the table). 



Table 12 Cycle by Cycle Operation 



Address Mode & 
Instructions 


Cycles 


Cycle 
# 


Address Bus 


R/W 
Line 


Data Bus 


IMMEDIATE 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


2 


1 
2 


Op Code Address 
Op Code Address + 1 


1 
1 


Op Code 
Operand Data 


LDS 
LDX 
LDD 


3 


1 
2 
3 


Op Code Address 
Op Code Address 1 
Op Code Address + 2 




Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address 1 
Op Code Address + 2 
Address Bus FFFF 




Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address of Operand 




Op Code 

Address of Operand 
Operand Data 


STA 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Destination Address 




Op Code 

Destination Address 
Data from Accumulator 


LDS 
LDX 
LDD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address -t- 1 
Address of Operand 
Operand Address + 1 




Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


STS 
STX 
STD 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand + 1 




Op Code 

Address of Operand 

Register Data (High Order Byte) 

Register Data (Low Order Byte) 


CPX 

SUBD 

ADDD 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 




Op Code 

Address of Operand 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


JSR 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address 1 
Subroutine Address 
Stack Pomter 
Stack Pointer + 1 






Op Code 

Irrelevant Data 

First Subroutine Op Code 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 



(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 
# 


Address Bus 


R/W 
Line 


Data Bus 


INDEXED 


JMP 


3 


1 
2 
3 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 




Op Code 
Offset 

Low Byte of Restart Vector 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 




Op Code 
Offset 

Low Byte of Restart Vector 
Operand Data 


STA 


4 


1 
2 
3 
4 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 




Op Code 
Offset 

Low Byte of Restart Vector 
Operand Data 


LDS 
LDX 
LDD 
LDD 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset + 1 


; 


Op Code 
Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


STS 
STX 
STD 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset + 1 


i 


Op Code 
Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST* 
INC 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 
Address Bus FFFF 
Index Register Plus Offset 


I 


Op Code 
Offset 

Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 


SUBD 
ADDD 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register + Offset 
Index Register + Offset 1 
Address Bus FFFF 




Op Code 
Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 
Stack Pointer - 1 






Op Code 
Offset 

Low Byte of Restart Vector 
First Subroutine Op Code 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 



• In the TST instruction, R/W line of the sixth cycle is "1" level, and AB = FFFF, DB = Low Byte of Reset Vector. (Continued) 
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Table 1 2 Cycle by Cyde Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 

# 


Address Bus 


R/W 
Line 


Data Bus 


EXTENDED 


JMP 


3 


1 
3 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 


1 
1 
1 


Op Code 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 


ADC EOR 
ADD LDA 
AND ORA 

RIT CDP 
Dl 1 ODV^ 

CMP SUB 


4 


1 

2 
3 

A 
H 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 


1 
1 
1 

i 

I 


Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 


STA 


4 


1 

2 
3 
4 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Operand Destination Address 


1 
1 
1 



Op Code 

Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 


LDS 
LDX 
LDD 


5 


1 
2 
3 
4 

5 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 


1 
1 
1 
1 
1 


Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


STS 
STX 
STD 


5 


1 
2 
3 
4 
5 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 


1 
1 
1 




Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST* 
INC 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 


1 
1 
1 
1 
1 




Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 


CPX 

SUBD 

ADDD 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


1 
1 
1 
1 
1 
1 


Op Code 

Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


JSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer - 1 


1 
1 
1 
1 





Op Code 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 



• In the TST instruction, R/W line of the sixth cycle is "1" level, and AB = FFFF, DB = Low Byte of Reset Vector (Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 



Cycles 



Cycle 

# 



Address Bus 



R/W 
Line 



Data Bus 



IMPLIED 



ABA DAA SEC 


2 


1 


Op Code Address 


1 


Op Code 


ASL DEC SEI 




2 


Op Code Address + 1 


1 


Op Code of Next Instruction 


ASR INC SEV 












CBA LSR TAB 












CLC NEG TAP 












CLI NOP TBA 












CLR ROL TPA 












CLV ROR TST 












COM SBA 












ABX 


3 


1 


Op Code Address 


1 


Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


ASLD 


3 


1 


Op Code Address 


1 


Op Code 


LSRD 




2 


Op Code Address + 1 




Irrelevant Data 






3 


Address Bus FFFF 




Low Byte of Restart Vector 


DES 


3 


1 


Op Code Address 


1 


Op Code 


INS 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Previous Register Contents 




Irrelevant Data 


INX 


3 


1 


Op Code Address 


1 


Op Code 


DEX 




2 


Op Code Address + 1 




Op Code of Next Instruction 






J 


Auoress ous r r r r 




Low Byte of Restart Vector 


PSHA 


3 


1 


Op Code Address 




Op Code 


PSHB 




2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Accumulator Data 


TSX 


3 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 




Irrelevant Data 


TXS 


3 


1 


Op Code Address 


1 


Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Address Bus FFFF 


1 


Low Byte of Restart Vector 


PULA 


4 


1 


Op Code Address 


1 


Op Code 


PULB 




2 


Op Code Address + 1 


1 


Op Code of Next Instruction 






3 


Stack Pointer 


1 


Irrelevant Data 






4 


Stack Pointer + 1 


1 


Operand Data from Stack 


PSHX 


4 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Index Register (Low Order Byte) 






4 


Stack Pointer - 1 




Index Register (High Order Byte) 


PULX 


5 


•J 


On r^/^rlo AHrlrocc 




On PnHo 






2 


Op Code Address + 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Index Register (High Order Byte) 






5 


Stack Pointer +2 


1 


Index Register (Low Order Byte) 


RTS 


5 


1 


Op Code Address 




Op Code 






2 


Op Code Address 1 




Irrelevant Data 






3 


Stack Pointer 




Irrelevant Data 






4 


Stack Pointer + 1 




Address of Next Instruction 












(High Order Byte) 






5 


Stack Pointer + 2 




Address of Next Instruction 












(Low Order Byte) 


WAI** 


9 


1 


Op Code Address 




Op Code 






2 


Op Code Address + 1 




Op Code of Next Instruction 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer - 1 





Return Address (High Order Byte) 



(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 



Address Mode & 
Instructions 


Cycles 


Cycle 


Address Bus 


R/W 
Line 


Data Bus 


WAI** 




5 


Stack Pointer - 2 





Index Register (Low Order Byte) 






6 


Stack Pointer - 3 





Index Register (High Order Byte) 






7 


Stack Pointer - 4 





Contents of Accumulator A 






8 


Stack Pointer - 5 





Contents of Accumulator B 






9 


Stack Pointer - 6 





Contents of Cond. Code Register 


MUL 


10 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 




Op Code 
Irrelevant Data 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


RTI 


10 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 


Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 

Stack Pointer + 2 

Stack Pointer + 3 

Stack Pointer 4 

Stack Pointer + 5 

Stack Pointer + 6 

Stack Pointer + 7 




Op Code 

Irrelevant Data 

Irrelevant Data 

Contents of Cond. Code Reg. 

from Stack 

Contents of Accumulator B 
from Stack 

Contents of Accumulator A 
from Stack 

Index Register from Stack 

(High Order Byte) 

Index Register from Stack 

(Low Order Byte) 

Next Instruction Address from 

Stack (High Order Byte) 

Next Instruction Address from 

Stack (Low Order Byte) 


SWI 


12 


1 
2 


Op Code Address 
Op Code Address 1 


1 
1 


Op Code 
Irrelevant Data 






3 


Stack Pointer 





Return Address (Low Order Byte) 






4 


Stack Pointer - 1 





Return Address (High Order Byte) 






5 


Stack Pointer - 2 





Index Register (Low Order Byte) 






6 


Stack Pointer - 3 





Index Register (High Order Byte) 






7 


Stack Pointer - 4 





Contents of Accumulator A 






8 


Stack Pointer - 5 





Contents of Accumulator B 






9 


Stack Pointer - 6 





Contents of Cond. Code Register 






10 


Stack Pointer - 7 


1 


Irrelevant Data 






11 


Vector Address FFFA (Hex) 


1 


Address of Subroutine 
(High Order Byte) 






12 


Vector Address FFFB (Hex) 


1 


Address of Subroutine 
(Low Order Byte) 



(Continued) 



** While th« MPU is in the "Wait" state, its bus state will appear as a series of MPU reads of an address which is seven locations less than the 
original contents of the Stack Pointer. Contrary to the HD6800. none of the ports are driven to the high impedance state by a WAi 
instruction. 
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Table 12 Cycle by Cycle Operation ^Continued) 

RELATIVE 



Address Mode & 
Instructions 


Cycles 


Cycle 
# 


Address Bus 


R/W 
Line 


Data Bus 


BGC BHT BNE 


3 


1 


Op Code Address 


1 


Op Code 


BOS BLE BPL 




2 


Op Code Address + 1 


1 


Branch Offset 


BEQ BLS BRA 




3 


Address Bus FFFF 


1 


Low Byte of Restart Vector 


BGE BLT BVC 












BGT BMT BVS 












BRN 












BSR 


6 


1 
2 
3 
4 
5 
6 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pomter 
Stack Pointer - 1 


1 

1 
1 
1 




Op Code 
Branch Offset 

Low Byte of Restart Vector 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 



• Summary of UndafiMd Instruction Oparationi 

The HD6803 has 36 under fined instructions. When these are 
carried out, the contents of Register and Memory in MPU 
change at random. 



When the op codes (4E, SE) are used to execute, the MPU 
continues to increase the program counter and it will not stop 
until the Reset signal enters. These op codes are used to test the 
LSI. 



Table 1 3 Op codes Map 



HD6803 MICROPROCESSOR INSTRUCTIONS 



OP 

CODE 




ACC 
A 


ACC 
B 


tND 


EXT 


ACCA or SP 


ACCB or X 




IMM 


DIR 


INO 


EXT 


IMM 


DIR 


IND 


EXT 


HI 

L0^\^ 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


0000 







SEA 


BRA 


TSX 


NEG 


SUB 





0001 


1 


NOP 


CBA 


BRN 


INS 




CMP 


1 


0010 


2 






BHI 


PULA (+1) 




SBC 


2 


0011 


3 






BLS 


PULB (+1) 


COM 


SUBD (+2) 1 • : ADOD (+2) 


3 


O10O 


4 


LSRD (+1) 




BCC 


DES 


LSR 


AND 


4 


0101 


5 


ASLO (+1) 




BCS 


TXS 




BIT 


5 


0110 


6 


TAP 


TAB 


BNE 


PSHA 


ROR 


LDA 


6 


0111 


7 


TPA 


TBA 


BEG 


PSHB 


ASR 


STA STA 


7 


1000 


8 


INX (-fl) 




BVC 


PULX (■►2J 


ASL 


EOR 


8 


1001 


9 


OEX (-M) 


DAA 


BVS 


RTS (+2) 


ROL 


ADC 


9 


1010 


A 


CLV 




BPL 


ABX 


DEC 


ORA 


A 


1Q11 


B 


SEV 


ABA 


BMI 


RTI (47) 




ADD 


B 


1100 


C 


CLC 




BGE 


PSHX (+1) 


INC 


• , CPX (+2) 


LDD(+1) 


C 


1101 





SEC 




BLT 


MUL (♦?> 


TST 


BSR 
(+4) 


JSR h2) 


• (+1) 


STD (+1) 


D 


1110 


E 


CLI 




BGT 


WAi {*6) 


^ ^] JMP (-3) 




LDS (+1) 




LDX (+1) 


E 


1111 


F 


SEI 




BLE 


SWI 1+9) 


CLR 


y 

* (+1) 


STS 1+1) 


; (+1) 


STX (+1) 


F 


BYTE/CYCLE 


1/2 


1/2 


2/3 


1/3 


1/2 1 1/2 1 2/6 1 3/6 


2/2 


2/3 1 2/4 1 3/4 


2/2 


2/3 1 2/4 1 3/4 





(NOTES) 1 ) Undefined Op codes are nr^arked with 1 . 

2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 

3) The instructions shown below are all 3 bytes and are marked with 

Immediate addressing mode of SUBD, CPX. LDS, ADDD, LDD and LDX instructions, and undefined op codes 
(BF.CD. CF). 

4) The Op codes {4E, 5E) are 1 byte/» cycles instructions, and are marked with 
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HD6803 
MPU 



Address 
Strobe 



Enable 



ROM 



GPIA 



PTM 



Address Bus Data Bus 

Figure 17 HD6803 MPU Expanded Multiplexed Bus 



■ Caution for the HD6803 Family SCI, TIMER Status Flag To ciear the flag correctly, take the following procedure: 

The flags shown in Table 14 are cleared by reading/writing 1. Read the status register, 

(flag reset condition 2) the data register corresponding to each 2. Test the flag, 

flag after reading the status register (flag reset condition 1). 3. Read the data register. 



Table 14 Status Flag Reset Conditions 





Status Flag 


Flag Reset Condition 1 
(Status Register) 


Flag Reset Condition 2 
(Data Register) 




ICF 


When each flag is "1", 
TRCSR/Read 


ICR/Read 


TIMER 


OCF 


OCR/Write 




TOF 


TC/Read 




RDRF 


When each flag is "1", 
TRCSR/Read 


ROR/Read 


SCI 


ORFE 




TORE 


TDR/Write 
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HD6809,HD68A09,HD68B09 

MPU (Micro Processing Unit) 



The HD6809 is a revolutionary high performance 8-bit 
microprocessor which supports modem programming tech- 
niques such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additional 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
8-bit microprocessor today. 

The HD6809 has hardware and software features which make 
it an ideal processor for higher level language execution or 
standard controller applications. 

HD6800 COMPATIBLE 

• Hardware - Interfaces with All HMCS6800 Peripherals 

• Software - Upward Source Code Compatible Instruc- 
tion Set and Addressing Modes 

■ ARCHITECTURAL FEATURES 

• Two 18-bit Index Registers 

• Two 16 bit Indexable Stack Pointers 

• Two 8-bit Accumulators can be Concatenated to Form 
One 16-Bit Accumulator 

• Direct Page Register Allows Direct Addressing Through- 
out Memory 

■ HARDWARE FEATURES 

• On Chip Oscillator 

• DMA/BREQ Allows DMA Operation or Memory Refresh 

• Fast Interrupt Request Input Stacks Only Condition 
Code Register and Program Counter 

• MRDY Input Extends Data Access Times for Use With 
Slow Memory 

• Interrupt Acknowledge Output Allows Vectoring By 
Devices 

• SYNC Acknowledge Output Allows for Synchronization 
to External Event 

• Single Bus-Cycle RESET 

• Single 5- Volt Supply Operation 

• NMI Blocked After RESET Until After First Load of 
Stack Pointer 

• Early Address Valid Allows Use With Slower Memories 

• Early Write-Data for Dynamic Memories 

• Compatible with MC6809. MC68A09 and MC68B09 

a SOFTWARE FEATURES 

• 10 Addressing Modes 

• HMCS6800 Upward Compatible Addressing Modes 

• Direct Addressing Anywhere in Memory Map 

* Long Relative Branches 

• Program Qounter Relative 

* True Indirect Addressing 

* Expanded Indexed Addressing: 




■ PIN ARRANGEMENT 



VssE 





3 haEt 


NMI (2 




SXTAU 






3 EXTAL 


fTrqQ 






BS [| 




3 MRDY 


BA(6 




j§ Q 


VccQ 






A. [8 




2l DMA/BREQ 


A, [9 




il R/W 


A, (tC 


HD6809 


Do 


A, 03 




S 0, 


A, Ql 






A, 01 






A. ^4 




3 D« 


A, 01 




S D, 


A, 01 






A, in 




[3d, 


A., 01 




Ha., 


A„GI 




Ha., 






□ a„ 



(Top View) 
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0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 
Auto-Increment/Decrement by 1 or 2 

• Improved Stack Manipulation 

• 1464 Instructions with Unique Addressing Modes 

• 8x8 Unsigned Multiply 

• 16-bit Arithmetic 

• Transfer^Exchange All Registers 

• Push/Pull Any Registers or Any Set of Registers 

• Load Effective Address 

■ BLOCK DIAGRAM 




EXTAL 
MRDY 



¥ Q 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


V 


Input Voltage 


Vin* 


-0.3 +7.0 


V 


Operating Temperature 


^opr 


-20 ~ +75 


'^C 


Storage Temperature 




-55^+150 


°C 



• With respect to Vgs (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ RECOMMENDED OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc* 


4.75 


5.0 


5.25 


V 




V,L* 


-0.3 




0.8 


V 






Logic 
(Ta = 0~+75''C) 


2.0 




Vcc 




Input Voltage 


V,H* 


Logic 
(Ta = -20~0°C) 


2.2 




Vcc 


V 






RES 


4.0 




Vcc 




Operating Temperature 


"^opr 


-20 


25 


75 





• With respect to Vss (SYSTEM GND) 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc =5V±5%, Vss - OV, Ta = -20-'+75°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


HD6809 


HD68A09 


HD68B09 


Unit 


min 


typ' 


max 


min 


typ* 


max 


min 


typ* 


max 




Except RES 




Ta - ~ +75*C 


2.0 




Vcc 


2.0 




Vcc 


2.0 




Vcc 




Input "High" Voltage 


V,H 


Ta = -20 - 0°C 


2.2 




Vcc 


2.2 




Vcc 


2.2 




Vcc 


V 




RES 






4.0 




Vcc 


4.0 




Vcc 


4.0 




Vcc 




Input "Low" Voltage 


V|L 




-0.3 




0.8 


-0.3 




0.8 


-0.3 




0.8 


V 


Input Leakage Current 


Except EXTAL, 
XTAL 


lin 


Vin=0~5.25V. 


-2.5 




2.5 


-2.5 




2.5 


-2.5 




2.5 


mA 


Three State (Off State) 


Do~D, 


'tsi 


Vin=0.4~2.4V, 


-10 




10 


-10 




10 


-10 




10 


mA 


Input Current 


Ao~Ai,,R/W 


Vcc'n^ax 


-100 




100 


-100 




100 


-100 




100 




D„~D, 




'lOAD^-205*iA, 

Vcc"'"'" 


2.4 






2.4 






2.4 








Output "High" Voltage 


A„~A„.R/W, 
Q, E 


VOH 


•lOAD=-145mA, 

Vcc*"^'" 


2.4 






2.4 






2.4 






V 




BA, BS 




•load'-ioOmA, 
Vcc"""'" 


2.4 






2.4 






2.4 








Output "Low" Voltage 


Vol 


•LOAD'=2mA 






0.5 






0.5 






0.5 


V 


Power Dissipation 


Pd 








1.0 






1.0 






1.0 


w 


Input Capacitance 


D„~D, 


Cin 


Vin=OV, 

Ta=25°C, 

f=1MHz 




10 


15 




10 


15 




10 


15 


PF 


Except D„~D^ 




7 


10 




7 


10 




7 


10 


Output Capacitance 


A„~A,5,R/W. 
BA, BS 


Cout 






12 






12 






12 


PF 



•Ta«25°C. Vcc=5V 
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• AC CHARACTERISTICS (Vcc*5V±5%, Vss = OV, Ta = -20~+75°C. unless otherwise noted.) 
1. CLOCK TIMING 



Item 


Symbol 


Test Condition 


HD6809 


HD68A09 


HD68B09 


Unit 


mm 


typ 


max 


mm 


typ 


max 


min 


typ 


max 


Frequency of Operation 
(Crystal or External Input) 


^XTAL 


Fig. 2. Fig. 3 


0.4 


_ 


4 


0.4 


- 


6 


0.4 


- 


8 


MHz 


Cycle Time 


^cyc 


1000 




10000 


667 




10000 


500 




10(XX) 


ns 


Total Up Time 


tUT 


975 






640 






480 






ns 


Processor Clock "High" 


*PWEH 


450 




15500 


280 




15700 


220 




15700 


ns 


Processor Clock "Low" 


*PWEL 


430 




5000 


280 




5000 


210 




5000 


ns 


E Rise and Fall Time 


tEr. tgf 






25 






25 






20 


ns 


Elow toQHiBh Time 


^AVS 


200 




250 


130 




165 


80 




125 


ns 


Q Clock "High" 


^PWQH 


450 




5000 


280 




5000 


220 




5000 


ns 


Q Clock "Low" 


tpWQL 


450 




15500 


280 




15700 


220 




15700 


ns 


Q Rise and Fall Time 


tQr. tQf 






25 






25 






20 


ns 


Q|_ow to E Falling 


tQE 


200 






133 






100 






ns 


2. BUS TIMING 


Item 


Symbol 


Test Condition 


HD6809 


HD68A09 


H 068809 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


Address Delay 




Fig. 2, Fig. 3 






200 






140 






110 


ns 


Address Valid to Qnioh 


*AQ 


50 






25 






15 






ns 


Peripheral Read Access Time 
(tUT— Ud-*DSR''<ACc) 


tACC 


695 






440 






330 






ns 


Data Set Up Time (Read) 


*DSR 


80 






60 






40 






ns 


Input Data Hold Time 


*DHR 


10 






10 






10 






ns 


Address Hold Time 


Ao~A,5,R/W 


tAH 


Fig. 2, Fig. 3 
Ta»0~+75''C 


20 






20 






20 






ns 


Fig. 2. Fig. 3 
Ta»-20~0°C 


10 






10 






10 






ns 


Data Delay Time (Write) 


tDDW 


Fifl. 3 






200 






140 






110 


ns 


Output Hold Time 


<DHW 


Fig. 3 

Ta«0~+75°C 


30 






30 






30 






ns 


Fig. 3 

Ta=-20~0°C 


20 






20 






20 






ns 



3. PROCESSOR CONTROL TIMING 



Item 


Symbol 


Test Condition 


HD6809 


HD68A09 


HD68B09 


Unit 


min 


typ 


max 


min 


typ 


max 


min 


typ 


max 


MRDYSetUp Time 


tPCSM 




125 






125 






110 






ns 


Interrupts Set Up Time 


tpcs 




200 






140 






110 






ns 


HALT Set Up Time 


*PCSH 




200 






140 






110 






ns 


RES Set Up Time 


*PCSR 


Fig. 6~Fig. 10 
Fig. 14, Fig. 15 


200 






140 






110 






ns 


DMA/BR EQ Set Up Time 


tpcSD 


125 






125 






110 






ns 


Processor Control Rise and Fall Time 


*PCr. 

tpcf 








100 






100 






100 


ns 


Crystal Oscillator Start Time 


*RC 








50 






30 






30 


ms 
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«.Rl= i.8kn 



• C = 30pF (BA, BS) 

130pF (D- ~ D,.E,Q) 
90pF (Ao ~ A,,.R/W) 

• R - llkn (D. ~ D,) 

16kn (A- ~ A„,E,Q,R/W) 
24kn (BA, BS) 

All diodes are 1S207<4(8>or equivalent. 
C includes Stray Capacitance. 



Figure 1 Bus Timing Test Load 



ADDR 2<V- 
05V - 



osvjr ^ tp^,g„- 



V 



-^^^^^ O...V-H 



*Hold time for BA, BS not specified. 

Figure 2 Read Data from Memory or Peripherals 



6V J ' 



24\Pl 




*Hold time for BA, BS r>ot specified. 

Figure 3 Write Data to Memory or Peripherals 



■ PROGRAMMING MODEL 

As shown in Fig^re 4, the HD6809 adds three registers to the 
set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second Index 
Register. 

• Accumulators (A, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation of 
data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 



register, and is formed with the A register as the most significant 
byte. 

• Direct Page Register (DP) 

The Direct Page Register of the HD6809 serves to enhance 
the Direct Addressing Mode. The content of this register appears 
at the higher address outputs (Ag'^Ai s) during Direct Address- 
ing Instruction execution. This allows the direct mode to be 
used at any place in memory, under program control. To ensure 
HD6800 compatibility, all bits of this register are cleared during 
Processor Reset. 
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• Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation of 
effective addresses. This address may be used to point to data 
directly or may be modified by an optional constant or register 



offset. During some indexed modes, the contents of the index 
register are incremented or decremented to point to the next 
item of tabular type data. All four pointer registers (X, Y, U, S) 
may be used as index registers. 



X — Index Register 



Y - Index Register 



U - User Stack Pointer 



S - Hardware Stack Pointer 



^ Pointer Registers 



Program Counter 
Accunnulators 



DP 1 


7 













H 


1 1 N 


zlv 





1 Direct Page Register 



Figure 4 Programming Model of The Microprocessing Unit 



• Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by the 
processor during subroutine calls and interrupts. The stack 
pointers of the HD6809 point to the top of the stack, in 
contrast to the HD6800 stack pointer, which pointed to the 
next free location on the stack. The User Stack Pointer (U) is 
controlled exclusively by the programmer thus allowing argu- 
ments to be passed to and from subroutines with ease. Both 
Stack Pointers have the same indexed mode addressing capabil- 
ities as the X and Y registers, but also support Push and Pull 
instructions. This allows the HD6809 to be used efficiently as a 
stack processor, greatly enhancing its ability to support higher 
level languages and modular programming. 

• Program Counter 

The Program Counter is used by the processor to point to the 
address of the next instruction to be executed by the processor. 
Relative Addressing is provided allowing the Program Counter 
to be used like an index register in some situations. 

• Condition Code Register 

The Condition Code Register defines the State of the 
Processor at any given time. See Fig. 5. 



- Carry 

- Overflow 

- Zero 

- Negative 

- IRQ Mask 

- Half Carry 

- FIRQ Mask 

- Entire Flag 



Figure 5 Condition Code Register Format 



■ CONDITION CODE REGISTER DESCRIPTION 

• Bit 0(C) 

Bit is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a 'borrow' from subtract 
like instructions (CMP, NEC, SUB, SBC) and is the complement 
of the carry from the binary ALU. 

• Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two's complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1. 

• Bit2(Z) 

Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 

• Bit3(N) 

Bit 3 is the negative flag, which contains exactly the value of 
the MSB of the result of the preceding operation. Thus, a 
negative two's-complement result will leave N set to a one. 

• Bit 4 (I) 

Bit 4 is the HO mask bit. The processor will not recognize 
interru pts from the IRQ line if this bit is set to a one. Mil, 
FIRQ, IRQ, RES, and SWI all are set I to a one; SWI2 and SWI3 
do not affect I. 

• Bit 5(H) 

Bit 5 is the half-carry bit, and is used to indicate a carry from 
bit 3 in the ALU as a result of an 8-bit addition only (ADC or 
ADD). This bit is used by the DAA instruction to perform a 
BCD decimal add adjust operation. The state of this flag is 



372 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, OA 94005-1819 • (415) 589-8300 



HD6809, HD68A09, HD68B09 



undefined in all subtract-like instructions. 

• Bit6(F) 

Bit 6 is the FIR Q mask bit. The processor will not re c ognize 
interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not 
affect F. 

• Bit 7(E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to 
determine the extent of the unstacking. Therefore, the current 
E left in the Condition Code Register represents past action. 

■ SIGNAL DESCRIPTION 

• Power (Vss^Vcc) 

Two pins are used to supply power to the part: Vss is 
ground or volts, while Vcc is +5.0V ±5%. 

• Address Bus (Ao-^Ais) 

Sixteen pins are used to output address information from the 
MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF16, R/W = "High", and BS = "Low"; this is a "dummy 
access" or VMA cycle. Addresses are valid on the rising edge of 
Q (see Figs. 2 and 3). All address bus drivers are made high 
impedance when output Bus Availalbe (BA) is "High". Each pin 
will drive one Schottky TTL load or four LS TTL loads, and 
typically 90 pF. 

• Data Bus (Do '^□7) 

These eight pins provide conmiunication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and typically 130 pF. 

• Read/Write (R/W) 

This signal indicates the direction of data transfer on the data 
bus. A "Low]' indicates that the MPU is writing data onto the 
data bus. R/W is made high impedance when BA is "High". R/W 
is valid on the rising edge of Q. Refer to Figs. 2 and 3. 

• Reset (RES) 

A "Low** level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Fig. 6. The Reset 
vectors are fetched from locations FFFEi6^d FFFF16 (Table 
1) when Interrupt Acknowledge is true, (BA • BS=1). During 
initial power-on, the Reset line should be held "Low*' until the 
dock oscillator is fully operational. See Fig. 7. 

Because the HD6809 Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 
This higher threshold voltage ensures that all peripherals are out 
of the reset state before the Processor. 



Table 1 Memory Map for Interrupt Vectors 



MerrKJry Map For 
Vector Locations 


Interrupt Vector 
Desaiption 


MS 


LS 


FFFE 


FFFF 




FFFC 


FFFD 


NMi 


FFFA 


FFFB 


SWI 


FFF8 


FFF9 


IRQ 


FFF6 


FFF7 


FIRQ 


FFF4 


FFFB 


SWI2 


FFF2 


FFF3 


SWI3 


FFFO 


FFFl 


Reserved 



• HALT 

A "Low** level on this input pin will cause the MPU to stop 
miming at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output is 
driven "High" indicating the buses are high impedance. BS is 
also "High** \^ich indicates the processor is in the Halt or Bus 
Grant state. While h alted, th e MP U will not re spond to ext ernal 
leal-time requests (FIRQ, IRQ) although DMA/BREQ will 
always be accepted, and NMI or RES will be latched for later 
response. During the Halt state Q an d E c ontinue to run 
normally. If the MPU is not running (RES, DMA/BR EQ), a 
halted state (BA*BS=1) can be achieved by pulling HALT 

"Low" while "RES is still "Low". IfDAM/BREQ and HALT are 
both pulled "Low", the processor will reach the last cycle of the 
instruction (by reverse cycle stealing) where the machine will 
then become halted. See Figs. 8 and 1 6. 

• Bus Available, Bus Status (BA, BS) 

The BA output is an indication of an internal control signal 
which makes the MOS buses of the MPU high impedance. This 
signal does not imply that the bus will be available for more 
than one cycle. When BA goes "Low", an additional dead cycle 
will elapse before the MPU acquires the bus. 

The BS output signal, when decoded with BA, represents the 
MPU state (valid with leading edge of Q). 



Table 2 MPU State Definition 



BA 


BS 


MPU State 








Normal (Running) 





1 


Interrupt or RESET Acknowledge 


1 





SYNC Acknowledge 


1 


1 


HALT or Bus Gfant 



Interrupt Acknowledge is i ndica t ed dur ing both cycles of a 
hardware-vector-fetch (RES, NMI, FIRQ, TIQ, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address lines, 
can provide the user with an indication of which interrupt level 
is being serviced and allow vectoring by device. See Table 1. 

Sync Acknowledge is indicated while the MPU is waiting for 
external synchronization on an interrupt line. 

Halt/Bus Grant is true when the HD6809 is in a Halt or Bus 
Grant condition. 
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Figure 6 RES Timing 



Vcc^ 
E 



A'' 



.JT-TLTLTLr 



RES 



■ tRC 



Y, 


Cin 


Cout 


8 MHz 


18pF±20% 


18pF±20% 


6 MHz 


22pF±20% 


22 pF ± 20% 


4 MHz 


22pF±20% 


22 pF ± 20% 
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Figure 7 Crystal Connections and Oscillator Start Up 



HD6809, HD68A09, HD68B09 



• Non Maskable Interrupt (NMD* 

A negative edge on this input requests that a non-maskable 
interrupt sequence be generated. A non-maskable interrupt 
cannot be i nhibited by the program, and also has a higher 
priority than FIRQ, IRQ or software interrupts. During recogni- 
tion of an NMI, the entire machine state is saved on the 



hardware stack. After reset, an NMI will not be recognized until 
the first progr am lo ad of the Hardware Stack Pointer (S). The 
pulse width of NMI "Low" must be at least one E cycle. If the 
NMI input does not meet the minimum set up with respect to 
Q, the interrupt will not be recognized until the next cycle. See 
Fig. 9. 



2nd To Lmt Last Cycle 
Cycle Of Of 
Current . Current , Dead 
Cycle 



F?ALT 



'HXZXZXZD 

ZDCJCJCD- 

' r 



BS 
Data 



X!]ZZX X 



Dead Initructionilnftruction Dead 
Cycle I Fetch Execute I Cycle 




Fetch Execute 



Instruction 
Opcode 



Figure 8 HALT and Single Instruction Execution for System Debug 



LastCyde 

of Currant 



- Interrupt Stacking and Vector Fetch Saquanqa - 



-2,m-1 m , m-f 1 m«2 , m-»3 m4-4 m4^6 m«7 m-f9 ,m*10 m4^11,rn-»^12,m-»^13,m-^14,^ n . n + 1 , 

"H- — n- — 4- — T- — T- — -r — 4- — -H — H- — -r — H - 'r — -r — H- — H-* — 4- — 4- — i- — -r — -h — — H 



37 SP-9SP-10SP-11SP-12FFFF FFFC FFFO FFFF New New 
IfniT) (1301) 




Figure 9 FTO and NMI Interrupt Timing 
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irr y — X — X X X — x — i — x — x — x — x — x — x — r 



PC PC FFFF SP-1 SP-2 SP-3 FFFF FFF6 FFF7 FFFF Ninv PC N«wPC + 



-'PCS 

8V 



— X — X — X X X — X — X X X — X — X — X r 

7MA PCL PCH CC VWi NawPCH NtwPCL VSK 



-DCDCZT" 



Figure 10 FIRQI 

• Fast-Interrupt Request (FIRQ)* 

A "Low" level on this input pin will initiate a fast interrupt 
sequence provided its mask bit (F) in the CC is clear. This 
s eque nce has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents of 
the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Fig. 10. 

• interrupt Request (IRQ)* 

A "Low" level input on this pin will initiate an interrupt 
Requ est se quence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entir e machine s tate it provides a slower 
respo nse to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear the 
source of the interrupt before doing an RTI. See Fig. 9. 

• NMI, FIRQ, and IRQ requests are sampled on the falling 
edge of Q. One cycle is required for synchronization before 
these interrupts are recognized. The pending interrupt(s) 
will not be serviced until completion of the current inst ruc- 
tion u nless a SYNC or CWAI condition is present. If IRQ and 
FIRQ do not remain "Low" until completion of the curre nt 
instruction they may not be recognized. However, NMI is 
latched and need only remain "Low" for one cycle. 

• XTAL, EXTAL 

These inputs are used to connect the on-chip oscillator to an 
external parallel- resonant crystal. Alternately, the pin EXTAL 
may be used as a TTL level input for external timing by 
grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Fig. 7. Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. 

<NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT > 

In designing the board, the following notes should be taken 
when the crystal oscillator is used. 

1 ) Crystal oscillator and load capacity Cin, Cout must be placed 



jrrupt Timing 

near the LSI as much as possible. 
Normal oscillation may be disturbed when external noise is^ 
induced to pin 38 and 39. J 

2) Pin 38 and 39 signal line should be wired apart from other 
signal line as much as possible. Don't wire them in parallel. 

Normal oscillation may be disturbed when E or Q signal is ^ 
feedbacked to pin 38 and 39. J 




Figure 1 1 Board Design of the Oscillation Circuit. 



<THE FOLLOWING DESIGN MUST BE AVOIDED > 

A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in Fig. 12 to prevent the 
induction from these lines and perform the correct oscillation. 
The resistance among XTAL, EXTAL and other pins should be 
over lOMn. 
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Must be avoided. 




Signal C 



• E,Q 

E is similar to the HD6800 bus timing signal Q is a 
quadrature clock signal which leads E. Q has no parallel on the 
HD6800. Addresses from the MPU will be valid with the lead- 
ing edge of Q. Data is latched on the falling edge of E. Timing 
for E and Q is shown in Fig. 13. 

• MRDY 

This input control signal allows stretching of E and Q to 
extend data-access time. E and Q operate normally while MRDY 
is "High**. When MRDY is "Low**, E and Q may be stretched in 
integral multiples of quarter (1/4) bus cycles, thus allowing 
interface to slow memories, as shown in Fig. 14. A maximum 



Figure 12 Example of Normal Oscillation may be Disturbed. 



Start of Cycle 



0.5V 



y 



End of Cycle (Latch Data) 

I 



- tAVS ■ 



2.4V 



V 



Address Valid 

Figure 13 E/Q Relationship 



~\ / — \ r 



— "- 



J \ f 



tpcf -<PCSM 



MRDY 



r 

_j — 



•-tpcr 
0.8V 



Figure 14 MRDY Timing 
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stretch is 10 microseconds. During nonvalid memory access 
(VMA cycles) MRDY has no effect on stretching E and Q; this 
inhibits slowing the processor during "don't care" bus accesses. 
MRDY may also be used to stretch clocks (for slow memory) 
when bus control has be en t ransferred to an external device 
(through the use of HALT and DMA/BREQ). 
Also MRDY has effect on stretching E and Q during Dead Cycle. 



• PMA /BREQ 

The DMA/BREQ input provides a method of suspending 
execution and acquiring the MPU bus for another use, as shown 
in Fig. 15. Typical uses include DMA and dynamic memory 
refresh. 

Transition of DMA/BREQ should occur during Q. A "Low" 
level on this pin will step instruction execution at the end of the 
current cycle. The MPU will acknowledge DMA/BREQ by 
setting BA and BS to "High" level. The requesting device will 
now have up to 15 bus cycles before the MPU retrieves the bus 
for self-refresh. Self-refresh requires one bus cycle with a lead- 



ing and trailing dead cycle. See Fig. 16. 

Typica lly, the DMA controller will request to use the bus by 
asserting DMA/BREQ pin "Low" on the leading edge of E. 
When the MPU replies by setting BA and BS to a one, that cycle 
will be a dead cycle used to transfer bus mastership to the DMA 
controller. 

False memory accesses ma y be preven ted during and dead 
cycles by developing a system DMAVMA signal which is "Low" 
in any cycle when BA has changed. ^ 

When BA goes "Low" (either as a result of DMA/BREQ = 
"High" or MPU self-refresh), the DMA device should be taken 
off the bus. Another dead cycle will elapse before the MPU 
accesses memory, to allow transfer of bus mastership without 
contention. 

■ MPU OPERATION 

During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 



/ Xo.5V / ypSV / \ / Vo5V / 



DMA/BREQ 




■ tpcSD 



1.8 V 



tPCSD 



DMA VMA* 



y 



ADDR 
(MPU) 



ADDR 
(DMAC) 



*DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 

Figure 15 Typical DMA Timing {<14 Cycles) 
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^ jnu~unjnjn_rijnj-mjT_rija^ 

II I I I I 
_] \ I I I 



I 



BA, BS 



..jr\ 



•DMAVMA is a signal which is developed externally, but is a systenr) requirennent for DMA. 



Figure 16 Auto - Refresh DMA Timing 
(Reverse Cycle Stealing) 



sequence begins at RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SW I, 
SWI2, SWI3 , CWAI, RTI and SYNC. An interrupt, HALT or 
DMA/BREQ can also alter the normal execution of instructions. 
Fig. 17 illustrates the flow chart for the HD6809. 



■ ADDRESSING MODES 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
microcomputer today. For example, the HD6809 has 59 basic 
instructions; however, it recognizes 1464 different variations of 
instructions and addressing modes. The addressing modes 
support modern programming techniques. The following ad- 
dressing modes are available on the HD6809: 

( 1 ) Implied (Includes Accumulator) 

(2) Immediate 

(3) Extended 

(4) Extended Indirect 

(5) Direct 

(6) Register 

(7) Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 

(8) Indexed Indirect 

(9) Relative 

(10) Program Counter Relative 



• Implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 



• Immediate Addressing 

In Inmiediate Addressing, the effective address of the data is 
the location immediately following the opcode (i.e., the data to 
be used in the instruction immediately follows the opcode of 
the instruction). The HD6809 uses both 8 and 16-bit immedirte 
values depending on the size of argument specified oy the 
opcode. Examples of instructions with Immediate Addressing 
are: 

LDA #$20 
LDX #$F000 
LDY #CAT 
(NOTE)# signifies 



Immediate addressing, $ signifies hexa- 



decimal value. 

• Extended Addressing 

In Extended Addressing, the contents of the two bytes 
immediately following the opcode fully specify the 16-bit 
effective address used by the instruction. Note that the address 
generated by an extended instruction defines an absolute 
address and is not position independent. Examples of Extended 
Addressing include: 

LDA CAT 

STX MOUSE 

LDD $2000 

• Extended Indirect 

As a special case of indexed addressing (discussed below), 
"1" level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain th« address of the data. 

LDA [CAT] 

LDX [$FFFE] 

STU [DOG] 

• Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8-bit of the address to be used. The upper 
8-bit of the address are supplied by the direct page register. Since 
only one byte of address is required in direct addressing, this 
mode requires less memory and executes faster than extended 
addressing. Of course, only 256 locations (one page) can be 
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accessed without redefining the contents of the DP register. 
Since the DP register is set to $00 on Reset, direct addressing on 
the HD6809 is compatible with direct addressing on the 
HD6800. Indirection is not allowed in direct addressing. Some 
examples of direct addressing are: 
LDA $30 

SETDP $ 10 (Assembler directive) 
LDB $1030 
LDD <CAT 

(NOTE) < is an assembler directive which forces direct ad- 
dressing. 

• Register Addressing 

Some opcodes are followed by a byte that defines a register 
or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 
TFR X,Y Transfers X into Y 

EXG A, B Exchanges A with B 

PSHS A,B,X,Y Push Y,X, Band A onto S 
PULU X, Y, D Pull D, X, and Y from U 

• Indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five basic 
types of indexing are available and are discussed below. The 
postbyte of an indexed instruction specifies the basic type and 
variation of the addressing mode as well as the pointer register 
to be used. Fig. 1 8 lists the legal formats for the postbyte. Table 
3 gives the assembler form and the number of cycles and bytes 



Post-Byte Register Bit 


Indexed 
Add ressi ng 
Mode 


7 


6 


5 


4 


3 


2 


1 








R 


R 


X 


X 


X 


X 


X 


EA = ,R + 5 Bit Offset 




R 


R 

















,R + 




R 


R 


0/1 











1 


.R + + 




R 


R 











1 





.-R 




R 


R 


0/1 








1 


1 


,--R 




R 


R 


0/1 





1 








EA » ,R + Offset 


1 


R 


R 


0/1 





1 





1 


EA = ,R + ACCB Offset 




R 


R 


0/1 





1 


1 





EA » ,R + ACCA Offset 




R 


R 


0/1 













EA = . R + 8 Bit Offset 




R 


R 


0/1 










1 


EA = .R + 16 Bit Offset 




R 


R 


0/1 







1 


1 


EA = .R + D Offset 




X 


X 


0/1 




1 








EA=,PC + 8Bit Offset 




X 


X 


0/1 




1 





1 


EA = ,PC + 16 Bit Offset 




R 


R 


1 




1 


1 


1 


EA = I, Address] 



X = Don't Care 



Addressing Mode Field 

Indirect Field 

(Sigh bit when b7 =° 0) 

(0 Non Indirect 

\l Indirect 

Register Field : RR 

00 = X 

01 = Y 
10= U 
11 =S 



Figure 18 Index Addressing Postbyte Register Bit Assignments 



Table 3 Indexed Addressing Mode 



Type 


Forms 


Non Indirect 


Indirect 


Assembler 
Form 


Postbyte 
OP Code 


+ 


+ 

# 


Assembler 
Form 


Postbyte 
OP Code 


+ 


+ 

# 


Constant Offset From R 
(2's Complement Offsets) 


No Offset 


,R 


1RR00100 








LRl 


1RR10100 


3 





5 Bit Offset 


n, R 


ORRnnnnn 


1 





defaults to 8-bit 






8 Bit Offset 


n, R 


1RR01000 


1 


1 


[n, R] 


1RR11000 


4 


1 


16 Bit Offset 


n, R 


1RR01001 


4 


2 


(n, R] 


1RR11001 


7 


2 


Accumulator Offset From R 
{2's Complement Offsets) 


A Register Offset 


A, R ' 


1RR00110 


1 





[A,R] 


1RR10110 


4 





B Register Offset 


B, R 


1RR00101 


1 





IB,R1 


1RR10101 


4 





D Register Offset 


D, R 


1RR01011 


4 





[D, R] 


1RR11011 


7 





Auto Increment/Decrement R 


Increment By 1 


,R + 


1RR00000 


2 





not allowed 






Increment By 2 


,R + + 


1RR00001 


3 





[,R++] 1 1RR10001 


6 





Decrement By 1 


,-R 


1RR00010 


2 





not allowed 






Decrement By 2 


R 


1RR00011 


3 





L--R] 


1RR10011 


6 





Constant Offset From PC 
(2's Complement Offsets) 


8 Bit Offset 


n. PCR 


IxxOllOO 


1 


1 


In/PCR] 


IxxlllOO 


4 


1 


16 Bit Offset 


n, PCR 


IxxOIIOI 


5 


2 


[n, PCR] 


IxxlllOl 


8 


2 


Extended Indirect 


16 Bit Address 










tnl 


10011111 


5 


2 



R=X,Y, UorS RR: 

X = Don't Care 00 = X 
01 =Y 
10=U 
11 = S 



^ and ^ indicate the number of additional cycles and bytes for the particular variation. 
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added to the basic values for indexed addressing for each 
variation. 

Zero-Offset Indexed 

In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. This 
is the fastest indexing mode. 
Examples are: 
LDD 0,X 
LDA S 

Constant Offset Indexed 

In this mode, a two's-complement offset and the contents of 
one of the pointer registers are added to form the effective 
address of the operand. The pointer register's initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 
5-bit (-16 to +15) 
8-bit (-128 to +127) 
16-bit (-32768 to +32767) 

The two's complement 5-bit offset is included in the 
postbyte and, therefore, is most efficient in use of bytes and 
cycles. The two's complement 8-bit offset is contained in a 
single byte following the postbyte. The two's complement 
16-bit offset is in the two bytes following the postbyte. In most 
cases the programmer need not be concerned with the size of 
this offset since the assembler will select the optimal size 
automatically. 

Examples of constant-offset indexing are: 

LDA 23,X 

LDX -2,S 

LDY 300,X 

LDU CAT,Y 

Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two's-complement value in one of the accumulators (A, B or 
D) and the contents of one of the pointer registers are added to 
form the effective address of the operand. The contents of both 
the accumulator and the pointer register are unchanged by the 
addition. The postbyte specifies which accumulator to use as an 
offset and no additional bytes are required. The advantage of an 
accumulator offset is that the value of the offset can be 
calculated by a program at run-time. 
Some examples are: 

LDA B,Y 

LDX D,Y 

LEAX B,X 

Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or for 
the creation of software stacks. In auto decrement, the pointer 
register is decreihiented prior to use as the address of the data. 
The use of auto decrement is similar to that of auto increment; 
but the tables, etc., are scaimed from the "High" to "Low" 
addresses.' The size of the increment/decrement can be cither 
one or two to allow for tables of either 8 or 16-bit data to be 
accessed and is selectable by the programmer. The pre- 
decrement, post-increment nature of these modes allow them to 
be used to create additional software stacks that behave 
identically to the U and S stacks. 



Some examples of the auto increment/decrement addressing 
modes are: 

LDA ,X+ 
STD ,Y+ + 
LDB ,~Y 
LDX ,- -S 

Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 
STX 0, X + + (X initialized to 0) 
The desired result is to store a in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

-*- temp calculate the EA; temp is a holding register 
X + 2 X perform autoincrement 
X (temp) do store operation 

• Indexed Indirect 

All of the indexing modes with the exception of auto 
increment/decrement by one, or a ±4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index register and an 
offset. 

Before Execution 

A = XX (don't care) 

X = $F000 

$0100 LDA [$10,X] EAisnow$F010 



$F010 $F1 
$F01 1 $50 



$F150 is now the 
new EA 



$F150 $AA 

After Execution 

A = $AA Actual Data Loaded 

X=$FOOO 

All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 

LDA [,X] 

LDD (10,S] 

LDA [B,Y] 

LDD I,X+ +] 

• Relative Addressing 

The byte(s) following the branch opcode is (are) treated as a 
signed offset which may be added to the program counter. If 
the branch condition is true then the calculated address (PC + 
signed offset) is loaded into the program counter. Program 
execution continues at the new location as indicated by the PC; 
short (1 byte offset) and long (2 bytes offset) relative addressing 
modes are available. All of memory can be reached in long 
relative addressing as an effective address is interpreted modulo 
2* ^ . Some examples of relative addressing are: 

BEQ CAT (short) 

BGT DOG (short) 

CAT LBEQ RAT (long) 

DOG LBGT RABBIT (long) 
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RAT NOP 
RABBIT NOP 

• Program Counter Relative 

The PC can be used as the pointer register with 8 or 16-bit 
signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 



LDA 
LEAX 



CAT, PCR 
TABLE, PCR 



Since program counter relative is a type of indexing, an 
additional level of indirection is available. 



LDA 
LDU 



[CAT, PCR] 
[DOG, PCR] 



■ HD6809 INSTRUCTION SET 

The instruction set of the HD6809 is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different ad- 
dressing modes) has risen from 197 to 1464. 

Some of the new instructions and addressing modes are 
described in detail below: 

• PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 

• PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence is 
fixed; each bit defmes a unique register to push or pull, as 
shown in below. 

PUSH/PULL POST BYTE 



TT 



cc 

A 
B 

DP 

X 
Y 
- S/U 
PC 



^ Pull Order Push Order 
PC U Y X DP B A CC 

FFFF..."<- increasing memory address 0000 

PC S Y X DP B A CC 



•TFR/EXG 

Within the HD6809, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4-7 of postbyte define the source register, while 
bits 0-3 represent the destination register. Three are denoted as 
follows: 



0000- D 
0001 - X 
0010- Y 
0011 - U 
0100- S 



0101 - PC 

1000 - A 

1001 - B 

1010 - CC 

1011 - DP 



(NOTE) All other combinations are undefined and INVALID. 
TRANSFER/EXCHANGE POST BYTE 



SOURCE DESTINATION 



• LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 4. 

The LEA instruction also allows the user to access data in a 
position independent manner. For example: 
LEAX MSGl,PCR 
LBSR PDATA (Print message routine) 



MSGl FCC ^MESSAGE' 

This sample program prints: 'MESSAGE*. By writing MSGl, 
PCR, the assembler computes the distance between the present 
address and MSGl. This resuU is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSGl into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, b-i- (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1 . b temp (calculate the EA) 

2. b + 1 b (modify b, postincrement) 

3. temp a (load a) 

LEAa,-b 

1 . b - 1 temp (calculate EA with predecrement) 

2. b - 1 b (modify b, predecrement) 

3. temp a (load a) 

Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X-t- does not change X, 
however LEAX, -X does decrement X. LEAX 1, X should be 
used to increment X by one. 
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Table 4 LEA Examples 



Instruction 


Operation 


Comment 


LEAX 10, X 
LEAX 500. X 
LEAY A. Y 
LEAY D. Y 
LEAU -10. U 
LEAS -10, S 
LEAS 10, S 
LEAX 5, S>. 


X + 10 -> X 
X + 500-^X 

Y + A -> Y 

Y + D Y 
U- 10 -*u 
S - 10 ->s 
S + 10 ->s 
S + 5 -►X 


Adds 5-bit constant 1 to X 
Adds 16-bit constant 500 to X 
Adds 8-bit accumulator to Y 
Adds 16-bit D accumulator to Y 
Subtracts 10 from U 
Used to reserve area on stack 
Used to 'clean up' stack 
Transfers as well as adds 



FFFF,6 on the address bus, R/W="High" and BS="Low". 
The following examples illustrate the use of the chart; see Fig. 
20. 

Example 1 : LBSR (Branch Taken) 
Before Execution SP = FOOO 



$8000 



LBSR 



CAT 



• MUL 

Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 

Long And Short Relative Branches 

The HD6809 has the capability of program counter relative 
branching throughout the entire memory map. Ip this mode, if 
the branch is to be taken, the 8 or 16-bit signed offset is added 
to the value of the program counter to be used as the effective 
address. This allows the program to branch anywhere in the 64k 
memory map. Position independent code can be easily gene- 
rated through the use of relative branching. Both short (8-bit) 
and long (16-bit) branches are available. 

• SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and wait s for an 
interrupt If the pending interrupt is non-maskable (NMI) or 
maskable (FlKQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Syne state and pe rform the nor mal 
interrupt stacking and service routine. Since FIRQ and IRQ are 
not edge-triggered, a "Low" level with a minimum duration of 
three bus cycles is required to assure that the in t errup t will be 
taken. If the pending interrupt is maskable (FIRQ, IRQ) with its 
mask bit (F or I) set, the processor will clear the Sync state and 
continue processing by executing the next inUne instruction. 
Fig. 19 depicts Sync timing. 
Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software In- 
terrupts are useful in operating system calls, software debug- 
ging, trace operations, memory mapping, and software devel- 
opment systems. Three levels of SWI are available on this 
HD6809, and are prioritized in the following order: SWI, SWI 2, 
SWI3. 

16-Bit Operation 

The HD6809 has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, sub- 
tracts, transfers, exchanges, pushes and pulls. 

■ CYCLE-BV-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809. Each instruc- 
tion begins with an opcode fetch. While that opcode is being 
internally decoded, the next program byte is always fetched. 
(Most instructions will use the next byte, so this technique 
considerably speeds throughput.) Ne xt, th e operation of each 
opcode will follow the flow chart. VMA is an indication of 



$A000 CAT 



CYCLE-BY-CYCLE FLOW 



Cycle # 
1 
2 
3 
4 
5 
6 

7 
8 



Address 
8000 
8001 
8002 
FFFF 
FFFF 
AOOO 

FFFF 
EFFF 



EFFE 



Data 
17 
IF 
FD 



03 



80 



R/W 



Description 
Opcode Fetch 
Offset High Byte 
Offse t Low Byte 
VMA Cycle 
VMA Cycle 
Computed Branch 
Addre ss 
VMA Cycle 
Stack Low Order 
Byte of Return 
Address 

Stack High Order 
Byte of Return 
Address 



Example 2: DEC (Extended) 

$8000 DEC 
$A000 FCB 



$A000 
$80 



CYCLE-BY-CYCLE FLOW 



cle# 


Address 


Data 


R/W 


Description 


1 


8000 


7A 


1 


Opcode Fetch 


2 


8001 


AO 


1 


Operand Address, 
High Byte 


3 


8002 


00 


1 


Operand Address, 
Low Byte 


4 


FFFF 


* 


1 


VMA Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 


♦ 


1 


VMA Cycle 


7 


AOOO 


7F 





Store the Decre- 
mented Data 



The data bus has the data at that particular address. 



■ HD6809 INSTRUCTION SET TABLES 

The instructions of the HD6809 have been broken down into 
five different categories. They are as follows: 

8-Bit operation (Table 5) 
16-Bit operation (Table 6) 
Index register/stack pointer instructions (Table 7) 
Relative branches (long or short) (Table 8) 
Miscellaneous instructions (Table 9) 
HD6809 instruction set tables and Hexadecimal Values of 
instructions are shown in Table 10 and Table 1 1 . 
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Last Cycto Sync Lait Cycto 

Opcod* - „ ... of Sync 

, Patch , EMcut* , ^V"^ AcknoviH«l9» .Inttruction, 
^ ^ ^ ^ ^ ^ 



R/W 



'XZDC 



XZD- 



XZT" 



■dXIDCZDC: 

-dxzzxnx: 





1 

1-^ 


^ ^ 

8V - 





(NOTES) * If the associated mask bit is set when the in terrupt is reques ted, th is cycle will be an instruction fetch from address location PC + 1 . 

However, if the interrupt is accepted (NMI or an unmasked FIRQor IRQ) interrupt processing continues with this cycle as (m) on Figure 9 
and 10 (Interrupt Tim ing). 

• • If mask bits are clear, I RQ and FIRQ must be held "Low" for three cycles to guarantee that interrupt will be taken, although only one 
cycle is necessary to bring the processor out of SYNC. 



Figure 19 Sync Timing 



Q Fetch ^ 




Opcod« + Opcode + Opcode Opcode + 
VmJT Opcode + Opcode + Opcode + Opcode + 

VI ft vjw vLs; viiw 
™ mA viiw TiJw vi!nr vhx 

VMA 

-t 



i I i , I I 





(NOTE) VVrite operation during store instruction. 



Figure 20 Address Bus Cycle-by-Cycle Performance 
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Implied Page 



ASIA 

ASLB 

ASRA 

ASRB 

CLRA 

CLRB 

COMA 

COMB 

DAA 

OECA 

OECB 

INCA 

INCB 

LSLA 

LSLB 

LSRA 

LSRB 

NEGA 

NEGB 

NOP 

ROLA 

ROLB 

RORA 

RORB 

SEX 

TSTA 

TSTB 



STACK 
STACK 
VfXK 




SWI 
SWI2 
SWI3 



ADDR STACK 
VMX 



vSSa {viSA,, ^ 

^ I I • ^ 

VMA VECTOR VECTOR 

VMS VECTO R VECTO R 

VWX WS 



ACK 

'<o>-i 



STA,CK" 

(Dammy 
Rtad) 



(NOTE) STACK' : Address stored in stack pointer before execution. 

STACK": Address set to stack pointer as the result of the execution. 



Figure 20 Address Bus CycIe-by-Cycle Performance (Continued) 



ADCA 

ADCB 

ADDA 

ADOB 

ANOA 

ANOB 

BITA 

BITB 

CMPA 

CMPB 

EORA 

EORB 

LDA 

LDB 

OR A 

ORB 

SBCA 

SBCB 

STA 

STB 

SUBA 

SUBB 



LOO 
LOS 
LDU 
LDX 
LDV 



ASL 
ASR 
CLR 
COM 
DEC 
(NC 
LSL 
LSR 
NEG 
ROL 
ROR 



AODD 
CMPD 
CMPS 
CMPU 
CMPX 
CMPY 
SUBD 



STD 
STS 
STU 
STX 
STY 



vIBa 

STACK 
(Writal 
STACK ADDR + 
(WriM) (Write) 



Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 
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Table 5 8-Bit Accumulator and Memory Instructions 



Mnemonic(s) 


Operation 


ADCA. ADCB 


Add memory to accumulator with carry 


ADDA, ADDS 


Add memory to accumulator 


ANDA, ANDB 


And memory with accumulator 


ASL. ASLA, ASLB 


Arithmetic shift of accumulator or memory left 


ASR, ASRA. ASRB 


Arithmetic shift of accumulator or memory right 


BITA, BITB 


Bit test memory with accumulator 


CLR,CLRA, CLRB 


Clear accumulator or memory location 


CMPA, CMPB 


Compare memory from accumulator 


COM, COMA, COMB 


Complement accumultor or memory location 


DAA 


Decimal adjust A accumulator 


DEC, DECA, DECB 


Deaement accumulator or memory location 


EORA, EORB 


Exclusive or memory with accumulator 


EXG R1,R2 


Exchange R1 with R2 (R1, R2 = A. B, CC, DP) 


INC, INCA, INCB 


Increment accumulator or memory location 


LDA, LDB 


Load accumulator from memory 


LSL, LSLA, LSLB 


Logical shift left accumulator or memory location 


LSR, LSRA, LSRB 


Logical shift right accumulator or memory location 


MUL 


Unsigned multiply (A x B D) 


NEG, NEGA, NEGB 


Negate accumulator or (nemory 


ORA,ORB 


Or merTX>ry with accumulator 


ROL. ROLA, ROLB 


Rotate accumulator or memory left 


ROR, RORA, RORB 


Rotate accumulator or memory right 


SBCA, SBCB 


Subtract memory from accumulator with borrow 


ST A, STB 


Store accumulator to memory 


SUBA, SUBB 


Subtract memory from accumulator 


TST, TSTA, TSTB 


Test accumulator or memory location 


TFR R1, R2 


Transfer R1 to R2 (R1, R2 = A. B, CC, DP) 


(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PULS, PULU) instructions. 


Table 6 16-Bit Accumulator arxJ Memory Instructions 


Mnemonic(s) 


Operation 


ADDD 


Add memory to D accumulator 


CMPD 


Compare memory from D accumulator 


EXG D, R 


Exchange D with X, Y, S, U or PC 


LDD 


Load D accumulator from memory 


SEX 


Sign Extend B accumulator into A accumulator 


STD 


Store D accumulator to memory 


SUBD 


Subtract memory from D accumulator 


TFR D, R 


Transfer D to X, Y, S, U or PC 


TFR R,D 


Transfer X, Y, S, U or PC to D 



(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS. PULU) 
instructions. 
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Table 7 Index Register /Stack Pointer Instructions 



Mnemonic(s) 


Operation 


CMPS, CMPU 


Compare nfienfrory from stack pointer 


CMPX, CMPY 


Compare memory from index register 


EXG R1, R2 


Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 


LEAS. LEAU 


Load effective address Into stack pointer 


LEAX, LEAY 


Load effective address into index register 


LDS, LDU 


Load stack pointer from memory 


LDX, LDY 


Load index register from memory 


PSHS 


Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 


PSHU 


Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 


PULS 


Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 


PULU 


Pull A, B, CC, DP, D, X, Y, S or PC from user stack 


STS. STU 


Store stack pointer to memory 


STX. STY 


Store index register to memory 


TFR R1,R2 


Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 


ABX 


Add B accumulator to X (unsigned) 


Tables Branch Instructions 


Mnemonlc(s) 


Operation 


SIMPLE BRANCHES 


BEQ, LBEQ 


Branch if equal 


BNE, LBNE 


Branch if not equal 


BMI. LBMI 


Branch if minus 


BPL, LBPL 


Branch if plus 


BCS, LBCS 


Branch if carry set 


BCC, LBCC 


Branch if carry clear 


BVS, LBVS 


Branch if overflow set 


BVC, LBVC 


Branch if overflow clear 


SIGNED BRANCHES 


BGT, LBGT 


Branch if greater (signed) 


BGE, LBGE 


Branch if greater than or equal (signed) 


BEQ. LBEQ 


Branch if equal 


BLE, LBLE 


Branch if less than or equal (signed) 


BLT, LBLT 


Branch if less than (signed) 


UNSIGNED BRANCHES 


BHI, LBHI 


Branch If higher (unsigned) 


BHS, LBHS 


Branch if higher or same (unsigned) 


6EQ, LBEQ 


Branch if equal 


BLS. LBLS 


Branch if lower or same (unsigned) 


BLO, LBLO 


Branch if lower (unsigned) 


OTHER BRANCHES 


BSR, LBSR 


Branch to subroutine 


BRA, LBRA 


Branch always 


BRN, LBRN 


Branch never 
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Table 9 Miscellaneous Instructions 


Mnemonic(s) 


\jpcraiion 






CWAI 


r^i^u ifUnuiiion ixiijc icyisicr, tnen wan lor inxerrupi 


iMUr 


No operation 


ORCC 


OR condition code reQister 


JMP 


Jump 


JSR 


Jump to subroutine 


RTI 


Return from interrupt 


RTS 


Return from subroutine 


SWI. SWI2. SWI3 


Software interrupt (absolute indirect) 


SYNC 


Synchronize with interrupt line 
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Table 10. HD6809 Instruction Set Table 



INSTRUCTION/ 


1 M 1' 
ACCM KK(. 


DIRECT 


EXTND 


IMMED 


INDEXO) 


RELATIVE 


DESCRIPTION 




6 


5 


4 


3 


2 






FORMS 


OP 




H 


OF 




n 


OP 






OP 




8 


OP 






OP 






E 


F 


H 


I 


N 


Z 




c 


ABX 


3 A 


3 


1 
































B + X-'X 

(UNSIGNED) 


















ADC ADCA 








9 9 


4 


2 


B9 


5 


3 


8 9 


2 


2 


A9 


4 + 


2 + 








A + M + C-A 






: 




I 


I 




I 


ADCB 








D9 


4 




F9 




3 


C9 


2 


2 


E9 


4 + 


2 + 








B + M+ C-B 






I 


• 


: 


I 




: 


ADD ADDA 








98 


4 


2 


BB 


5 


3 


88 


2 


2 


AB 


4 + 


2 








A + M-*A 






t 




I 


I 




I 


ADDB 








DB 


4 


2 


FB 


5 


3 


CB 


2 


2 


E8 


4 + 


2 + 








B + M-B 






I 




I 


\ 




I 


ADDD 








D3 


6 


2 


F 3 


7 


3 


C3 


4 


3 


E3 


6 + 


2 + 








D+MM+ I -D 






• 




: 


\ 




I 


AND ANDA 






































AAM-A 






• 




I 


: 


R 


• 


ANDB 








D4 


4 


2 


F4 


5 


3 


C 4 


2 


2 


E4 


4 + 


2 + 








B AM-B 






• 




I 


I 


R 


• 


ANDCC 




















1 C 


3 
















CCAIMM-CC 




































2 




























■ ) 


ASL ASLA 
ASLB 


4 8 

5 8 


2 
2 


1 
1 
































BlCWIlTTrill-o 






® 




: 
I 


I 
: 


: 
: 


I 
: 


ASL 








8 


6 


2 


7 8 


7 


3 








6 8 


6 + 


2 + 








M j C br bo 






(D 


\ 


I 


X 


I 


\ 


ASR ASRA 
ASRB 
ASR 


4 7 

5 7 


2 
2 


1 
1 


7 


6 


2 


7 7 


7 


3 








6 7 


6 + 


2 + 








: ITIIIIIIIW] 

b, bo C 






® 




I 
I 
: 


I 
I 
: 


• 
• 
• 


I 
I 


BCC BCC 
































2 4 


3 


2 


Branch C ^ 






• 




• 


• 


• 


• 


LBCC 
































1 

2 4 


516) 


4 


Long Branch 

C = 






• 




• 


• 


• 


• 


BCS BCS 
































2 5 


3 


2 


Branch C = 1 


















LBCS 
































1 

2 5 


5(61 


4 


Long Branch 

C = 1 


















BEQ BEQ 
































2 7 


3 


2 


Branch Z = 1 


















LBEQ 
































1 

2 7 


5(6) 


4 


Long Branch 

Z= 1 


















BGE BGE 
































2C 


3 


2 


Branch N(?)V = 


















LBGE 
































1 
2C 


5(6) 


4 


Long Branch 

N0V = 


















BGT BGT 
































2 E 


3 


2 


Branch ZV(N®V)=0 


















LBGT 
































1 

2 E 


5(6) 


4 


Long Branch 

ZV(NC+)V)=- 


















BHI BHI 
































2 2 


3 


2 


Branch Cv Z =- 


















LBHI 
































1 

2 2 


5(6) 


4 


Long Branch 
Cv Z = 


















BHS BHS 
































2 4 


3 


2 


Branch C = 


















LBHS 
































1 

2 4 


5(6) 


4 


Long Branch 

C = 


















BIT BITA 








9 5 


4 


2 


85 


5 


3 


8 5 


2 


2 


A5 


4 + 


2 + 








Bit Test A (MAA ) 


• 


• 


• 


• 


: 


: 


R 


• 


BITB 








D5 


4 


2 


F 5 


5 


3 


C 5 


2 


2 


E 5 


4 + 


2 + 








Bit Test B (MAB) 


• 


• 


• 


• 


I 


: 


R 


• 


BLE BLE 
































2 F 


3 


2 


Branch Z V( Nr+)V )- 1 


















LBLE 
































1 

2 F 


5(6) 


4 


Long Branch 

ZV{N(?)V )= 1 


















BLO BLO 
































2 5 


3 


2 


Branch C = 1 


















LBLO 
































1 

2 5 


5(6) 


4 


Long Branch 

C= 1 


















BLS BLS 
































2 3 


3 


2 


Branch CV Z = 1 


















LBLS 
































1 

2 3 


5(6) 


4 


Long Branch 
CVZ= 1 


















BLT BLT 
































2D 


3 


2 


Branch N0V = 1 


















LBLT 
































1 
2D 


5(6) 


4 


Long Branch 

N©V= 1 


















BMI BMI 
































2 B 


3 


2 


Branch N = 1 


















LBMI 
































1 

2 B 


5(6) 


4 


Long Branch 
N= 1 



















(Continued) 
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INSTRUCTION/ 
FORMS 


I MP 
ACCM HhX. 


.DIRECT 


EXTND 


IMMED 


INDEX0 


RELATIVE 


OP 






OP 


- 




OP 






OP 






OP 






OP 


~® 


It 


BNE 


BNE 
































2 6 


3 


2 




LBNE 
































1 


5(6) 


4 




































2 6 






BI'L 


BPL 
































2 A 


3 


2 




LBI'L 
































1 


5(6) 


4 




































2 A 






BRA 


BRA 
































2 


3 


2 




LBRA 
































1 6 


5 


3 


BRN 


BRN 
































2 1 


3 






LBRN 








































































2 1 






BSR 


BSR 
































8D 








LBSR 
































1 7 






BVC 


BVC 
































2 8 


3 


2 




LBVC 
































1 








































2 8 






BVS 


BVS 
































2 9 


3 


2 




LBVS 








































































2 9 






CLR 


CLRA 


4 F 






































CLRB 


5F 


2 


1 


































CLR 








OF 


6 


2 


7 F 




3 








6F 


6 + 


2 + 








CMP 






















^, ' 




















CMPB 








D ' 






F 1 












El 




2 + 










CMPD 




























7 + 


3 + 


















9 












8 3 






A3 














CM PS 




























7 + 


3 + 


















9C 






BC 






8C 






AC 














CMI'U 








1 1 




3 


1 1 


8 


4 


1 1 


5 


4 


1 1 


7 + 


3 + 


















































CMPX 








9C 






BC 






8C 






AC 


6 + 


2 + 










CMPY 








1 


_ 




1 






1 






1 


7 + 


3 + 


















9C 






BC 






8C 






AC 












COM 


COMA 


4 3 






































COMB 


5 3 














































3 






7 3 












6 3 


6 + 


2 + 








CWAI 




3C 


20 


































DAA 








































DEC 


DECA 


4 A 


2 


1 


































DECB 


5A 


2 


1 


































DEC 








OA 


6 


2 


7A 




3 








6A 


6 + 


2 + 








EOR 


EORA 








9 8 


4 


2 


B8 


5 


3 


8 8 


2 


2 


A8 


4 + 


2 + 










EORB 








08 


4 


2 


F8 


5 


3 


C8 


2 


2 


E8 


4 + 


2 + 








EXG 


Rl. R2 


1 E 


K 


2 
































!NC 


INCA 


4C 


2 


1 


































INCB 


5C 


2 


1 


































INC 








DC 


6 


2 


7C 




3 








6C 


6 + 


2 + 








JMP 










OE 


3 


2 


7E 


4 


3 








6E 


3 + 


2 + 








JSR 










9D 


7 


2 


BD 


8 


3 








AD 




2 + 









DESCRIPTION 



Branch Z = 
Long Branch 

Z = 
Branch N = 
Long Branch 

N= 
Branch Always 
Long Branch Always 
Branch Never 
Long Branch Never 



Branch to 

Subroutine 
Long Branch to 

Subroutine 
Branch . V = 
Long Branch 

V = 
Branch V = 1 
Long Branch 

V= 1 
O^A 
0-B 
0-M 

Compare M from A 
Compare M from B 
Compare M M + 1 

from D 
Compare M M + 1 

from S 
Compare M M + 1 

from U 
Compare M M + 1 

from X 
Compare M M + 1 

from Y 
A-A 
B-B 
M— M 

CC A IMM-CC 

Wait for Interrupt 

Decimal Adjust A 

A - 1 -*A 

B- 1 -B 

M- 1 ^M 

A®M^A 

B®M-B 

R1-R2(D 

A4 1 -A 

B+ 1 -*B 

M + 1 -M 

EA(3)-PC 

Jump to Subroutine 



(Continued) 
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INSTRUCTION/ 
FORMS 



ACCM HK( 



INDEXX 



DESCRIPTION 



MUL 
NEC 



NOP 
OR 



RTI 
RTS 
SBC 
SEX 



LDA 
LDB 
LDD 
LDS 

LDU 
LDX 
LDY 

LEAS 
LEAU 
LEAX 
LEAY 

LSLA 
LSLB 
LSL 

LSRA 
LSRB 
LSR 



NEGA 
NEGB 
NEC 

ORA 
ORB 
ORCC 
PSHS 

PSHU 

PULS 

PULU 



ROLA 
ROLB 
ROL 

RORA 
RORB 
ROR 



SBCA 
SBCB 



M-A 
M-B 
MM+ 1 
MM+ 1 ^S 

M M+ 1 -U 
M M+ 1 -X 
MM+ 1 -*Y 

EA(3)-S 
EA(3)-U 
EA(3)-*X 
EA(3)-»Y 



fjCHiiiini}*" 

C br b. 



o-annnKi 

h, ho c 



AxB-D 

(Unsigned) 
A + 1 -A 
B + 1 -B 
M+ 1 -M 
No Operation 
AvM-A 
BvM-B 
CCV IMM-CC 
Push Registers on 

S Stack 
Push Registers on 

U Stack 
Pull Registers 

from S Stack 
Pull Registers 

from U Stack 



fjlCMnTTTTrM 



U uTrrTTTrU 

C br ».bo 

Return from 
Interrupt 
Return from 

Subroutine 
A-M-C-*A 
B-M-C-B 
Sign Extend B into A 
j B<7)t' / I- 7 = 1 FF— A 
1 B<7)t' / h 7 = 0-A 



(Continued) 
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INSTRUCTIONS/ 
FORMS 


AC< 


I M P 

:m kkc 


DIRECT 


EXTND 


IMMED 


INDEX® 


RELATIVE 


DESCRIPTION 


7 


6 


5 


4 


3 


2 


1 





OP 






OP 






OP 






OP 






OP 






OP 






E 


F 


H 


1 


N 


Z 


V 


c 


ST STA 
STB 
STD 
STS 

STU 
STX 
STY 

SUB SUBA 
SUBB 
SUBD 

SWI SWI® 
SWI2® 

SWI3® 

SYNC 

TFR RI. R2 
TST TSTA 
TSTB 
TST 


3F 
I 
3F 

3F 
1 3 

1 F 
4D 
5D 


19 
20 

20 

^2 

6 
2 
2 


I 

2 

2 

1 

2 
1 
1 


9 7 
D7 
DD 
1 
DF 
DF 
9F 
1 
9F 

90 
DO 
93 

OD 


4 
4 

5 
6 

5 
5 
6 

4 
4 

6 

6 


2 
2 
2 
3 

2 
2 
3 

2 
2 
2 

2 


87 
F7 
FD 
1 
FF 
FF 
BF 
1 
BF 

BO 
FO 
B3 

7D 


5 
5 
6 
7 

6 
6 

7 

5 
5 
7 

7 


3 
3 
3 
4 

3 
3 
4 

3 
3 
3 

3 


8 
CO 
8 3 


2 
2 
4 


2 
2 
3 


A7 
E7 
ED 
1 
EF 
EF 
AF 
1 
AF 

AO 
EO 
A3 

6D 


4 + 

4 + 

5 + 

6 + 

5 + 

5 + 

6 + 

4 + 
4 + 
6 + 

6 + 


2 + 
2 + 

2 + 

3 + 

2 + 

2 + 

3 + 

2 f 
2 + 
2 + 

2 + 








A-M 
B-M 

D-MM+ 1 
S-MM+ 1 

U-MM+ 1 
X-MM+ 1 
Y-M M+ 1 

A-M-»A 

B-M-B 

D -M M+ 1 — D 

Software interrupt 1 

Software interrupt 2 

Software interrupt 3 

Synchronize to 

interrupt 
Rl - R2® 
Test A 
Test B 
Test M 


• 
• 

• 
• 

• 
• 
• 

• 
• 
• 

S 
S 

s 
(- 


• 
• 
• 
• 

• 
• 
• 

• 
• 
• 

S 


• 
• 
• 
• 

• 
• 
• 

(D 
(D 
• 
• 


• 
• 
• 
• 

• 
• 
• 

• 
• 
• 

S 


: 

I 

: 
: 
: 

: 
: 

• 


I 
I 

I 

: 
I 

I 
I 
: 

• 


R 
R 
R 
R 

R 
R 
R 

: 
I 
1 

• 


• 
• 
• 
• 

• 
• 
• 

I 
: 
I 

• 

• ) 


• 
• 
• 


• 
• 
• 


• 
• 
• 


• 
• 
• 


I 
I 
: 


I 
I 
: 


R 
R 
R 


• 
• 
• 



(NOTES) 



® 



This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table 
R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers 
The 8 bit registers are: A, B, CC, DP 
The 16 bit registers are: X, Y, U, S, D, PC 
EA IS the effective address 

The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled 

5(6) means- 5 cycles if branch not taken, 6 cycles if taken. 

SWI sets 1 and F bits. SW12 and SW13 do not affect I and F. 

Conditions Codes set as a direct result of the instruction 

Value of half-carry flag is undefined. 

Special Case— Carry set if b7 is SET. 

Condition Codes set as a direct result of the instruction if CC is specified, and not affected othenwise 



LEGEND: 

OP Operation Code (Hexadecimal) 
Number of MPU Cycles 

# Number of Program Bytes 

+ Arithmetic Plus 
Arithmetic Minus 

_x Multiply 

M Complement of M 

-> Transfer Into 

H Half-carry (from bit 3) 

N Negative (sign bit) 



Zero (byte) 

Overflow, 2's complement 
Carry from bit 7 

Test and set if true, cleared otherwise 
Not Affected 

Condition Code Register 
Concatenation 
Logical or 
Logical and 
Logical Exclusive or 
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Table 1 1 Hexadecimal Values of Machine Codes 



OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


OP 


Mrsem 


Mode 




# 


00 


NEG 


Oirect 


6 


2 


30 


LEAX 


Indexed 


4+ 


2+ 


60 


NEG 


Indexed 


6+ 


2•^ 


01 












31 


LEAY 






4+ 


2+ 


61 












02 












32 


LEAS 


1 




4+ 


2+ 


62 












03 


COM 






6 


2 


33 


LEAU 


Indexed 


4+ 


2+ 


63 


COM 






6+ 


2+ 


04 


LSR 






6 


2 


34 


PSHS 


Implied 


5+ 


2 


64 


LSR 






6+ 


2■^ 


05 












35 


PULS 






5+ 


2 


65 












06 


ROR 






6 


2 


36 


PSHU 






5+ 


2 


66 


ROR 






6-1- 


2-^ 


07 


A$R 






6 


2 


37 


PULU 






5+ 


2 


67 


ASR 






6-«- 


2"^ 


08 


ASL, LSL 






6 


2 


38 












68 


ASL, LSL 






6-^ 


2-f 


09 


ROL 






6 


2 


39 


RTS 






5 


1 


69 


ROL 






6-^ 


2-K 


OA 


OEC 






6 


2 


3A 


ABX 






3 




6A 


OEC 






6-»^ 


2■^ 


OB 












3B 


RTI 


Implied 


6. 15 




6B 


* 










OC 


INC 






6 


2 


3C 


CWAI 


Immed 


^20 




6C 


INC 






6-^ 


2-1- 


00 


TST 






6 


2 


3D 


MUL 


Implied 


11 




60 


TST 






6-^ 


2+ 


OE 


JMP 






3 


2 


3E 












6E 


JMP 






3-I- 


2+ 


OF 


CLR 


Oirect 


6 


2 


3F 


SWi 


Implied 


19 




6F 


CLR 


indexed 


6-^ 


2+ 


10 


1 See 










40 


NEGA 


Implied 


2 




70 


NEG 


Extended 


7 


3 


11 


/ Next Page 






— 


~ 


41 












71 












12 


NOP 


Implied 


2 


1 


42 












72 












13 


SYNC 


Implied 


^4 


1 


43 


COMA 






2 




73 


COM 






7 


3 


14 












44 


LSR A 






2 




74 


LSR 






7 


3 


15 












45 












75 












16 


LBRA 


Relative 


5 


3 


46 


RORA 






2 




76 


ROR 






7 


3 


17 


LBSR 


Relative 


9 


3 


47 


ASRA 






2 


1 


77 


ASR 






7 


3 


18 












48 


ASLA, LSLA 






2 




78 


ASL, LSL 






7 


3 


19 


OAA 


Implied 


2 


1 


49 


ROLA 






2 




79 


ROL 






7 


3 


1A 


ORCC 


immed 


3 


2 


4A 


OECA 






2 




7A 


OEC 






7 


3 


IB 












48 












78 












1C 


ANOCC 


Immed 


3 


2 


4C 


INCA 






2 




7C 


INC 






7 


3 


10 


SEX 


implied 


2 


1 


40 


TSTA 






2 




70 


TST 






7 


3 


IE 


EXG 






8 


2 


4E 












7E 


JMP 




f 


4 


3 


IF 


TFR 


implied 


6 


2 


4F 


CLRA 


Implied 


2 




7F 


CLR 


Ext 


3nded 


7 


3 


20 


BRA 


Relative 


3 


2 


50 


NEGB 


Implied 


2 


*• 


80 


SUBA 


Immed 


2 


2 


21 


BRN 






3 


2 


51 




i 








81 


CMPA 






2 


2 


22 


BHI 






3 


2 


52 












82 


SBCA 






2 


2 


23 


BLS 






3 


2 


53 


COMB 






2 




83 


SUBO 






4 


3 


24 


BHS, BCC 






3 


2 


54 


LSR 8 






2 




84 


AN OA 






2 


2 


25 


BLO, BCS 






3 


2 


55 


* 










85 


BITA 






2 


2 


26 


BNE 






3 


2 


56 


RORB 






2 




86 


LOA 






2 


2 


27 


BEQ 






3 


2 


57 


ASRB 






2 




87 












28 


BVC 






3 


2 


58 


ASLB, LSLB 






2 




88 


EORA 






2 


2 


29 


BVS 






3 


2 


59 


ROLB 






2 




89 


AOCA 






2 


2 


2A 


BPL 






3 


2 


5A 


OECB 






2 




8A 


OR A 






2 


2 


2B 


BMI 






3 


2 


58 












8B 


AOOA 






2 


2 


2C 


BGE 






3 


2 


5C 


INCB 






2 




8C 


CMPX 


Imn 


led 


4 


3 


20 


BLT 






3 


2 


50 


TSTB 






2 




80 


BSR 


Relative 


7 


2 


2E 


BGT 






3 


2 


5E 












8E 


LOX 


Immed 


3 


3 


2F 


BLE 


Relative 


3 


2 


5F 


CLRB 


Implied 


2 


1 


8F 













LEGENO: (to be continued) 

~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 

# Number of program bytes 

* Denotes unused opcode 



HITACHI 

394 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 (415) 589-8300 



HD6809, HD68A09, HD68B09 



OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


90 


SUBA 


Direct 


4 


2 


C6 


LDB 


Immed 


2 


2 


FC 


LDD 


Extended 


6 


3 


91 


CMPA 






4 


2 


C7 


* 


i 


i 






FD 


STD 


i 




6 


3 


92 








4 


2 


C8 


EORB 






2 


2 


FE 


LDU 




: 


6 


3 


93 


SUBD 






6 


2 


C9 


ADC6 






2 


2 


FF 


STU 


Extended 


6 


3 


94 


AN DA 






4 


2 


CA 


ORB 






2 


2 














95 


81 TA 






4 


2 


CB 


ADDB 






2 


2 














96 


LDA 






4 


2 


CC 


LDD 






3 


3 




2 Bytes Opcode 






97 


STA 






4 


2 


CD 




} 




















98 


EORA 






4 


2 


CE 


LDU 


Immed 


3 


3 


1021 


LBRN 


Relative 


5 


4 


99 


ADCA 






4 


2 


CF 












1022 


LBHI 






5(6) 


4 


9A 


ORA 






4 


2 














1023 


LBLS 






5(6) 


4 


9B 


ADDA 






4 


2 


DO 


SUBB 


Direct 


4 


2 


1024 


LBHS, LBCC 




5(6) 


4 


9C 


CMPX 






6 


2 


D1 


CMPB 






4 


2 


1025 


LBCS, LBLO 




5(6) 


4 


9D 


JSR 






7 


2 


D2 


SBCB 






4 


2 


1026 


LBNE 






5(6) 


4 


9E 


LOX 






5 


2 


D3 


ADDD 






6 


2 


1027 


LBEQ 






5(6) 


4 


9F 


STX 


Direct 


5 


2 


D4 


ANDB 






4 


2 


1028 


LBVC 






5(6) 


4 














D5 


BITB 






4 


2 


1029 


LBVS 






5(6) 


4 


AO 


SUBA 


Indexed 


4+ 


2+ 


D6 


LDB 






4 


2 


102 A 


LBPL 






5(6) 


4 


A1 


CMPA 






4+ 


2+ 


D7 


STB 






4 


2 


1028 


LBMI 






5(6) 


4 


A2 


SBCA 






4+ 


2+ 


D8 


EORB 






4 


2 


102C 


LBGE 






5(6) 


4 


A3 


SUBD 






6+ 


2+ 


D9 


ADCB 






4 


2 


102D 


LBLT 






5(6) 


4 


A4 


AN DA 






4+ 


2+ 


DA 


ORB 






4 


2 


102E 


LBGT 






5(6) 


4 


A5 


BITA 






4+ 


2+ 


DB 


ADDB 






4 


2 


102F 


LBLE 


Relative 


5(6) 


4 


A6 


LDA 






4+ 


2+ 


DC 


LDD 






5 


2 


103F 


SWI2 


Implied 


20 


2 


A7 


STA 






4+ 


2+ 


DD 


STD 






5 


2 


1083 


CMPD 


Immed 


5 


4 


A8 


EORA 








2+ 


DE 


LDU 






5 


2 


108C 


CMPY 


! 


: 


5 


4 


A9 


ADCA 






4+ 


2+ 


DF 


STU 


Direct 


5 


2 


108E 


LDY 


Immed 


4 


4 


AA 


ORA 






4+ 


2+ 














1093 


CMPD 


Direct 


7 


3 


AB 


ADDA 






4+ 


2+ 


EO 


SUBB 


Indexed 


4+ 


2+ 


109C 


CMPY 






7 


3 


AC 


CMPX 






6+ 


2+ 


El 


CMPB 






4+ 


2+ 


109E 


LDY 


: 




6 


3 


AD 


JSR 






7+ 


2+ 


E2 


SBCB 






4+ 


2+ 


109F 


STY 


Direct 


6 


3 


AE 


LDX 






5+ 


2+ 


E3 


ADDD 






6+ 


2+ 


10A3 


CMPD 


Indexed 


7+ 


3+ 


AF 


STX 


lr>dexed 


5+ 


2+ 


E4 


ANDB 






4+ 


2+ 


10AC CMPY 


; 


i 


7+ 


3+ 














E5 


BITB 






4+ 


2+ 


10AE 


LDY 






6+ 


3+ 


80 


SUBA 


Ex 


ended 


5 


3 


E6 


LDB 






4+ 


2+ 


10AF 


STY 


Indexed 


6+ 


3+ 


81 


CMPA 






5 


3 


E7 


STB 






4+ 


2+ 


1083 


CMPD 


Extended 


8 


4 


82 


SBCA 






5 


3 


E8 


EORB 






4+ 


2+ 


108C 


CMPY 






8 


4 


83 


SUBD 






7 


3 


E9 


ADCB 






4+ 


2+ 


10BE 


LDY 


: 




7 


4 


84 


ANDA 






5 


3 


EA 


ORB 






4+ 


2+ 


108F 


STY 


Extended 


7 


4 


85 


BITA 






5 


3 


EB 


ADDB 






4+ 


2+ 


10CE 


LDS 


Immed 


4 


4 


86 


LDA 






5 


3 


EC 


LDD 






5+ 


2+ 


10DE 


LDS 


Direct 


6 


3 


87 


STA 






5 


3 


ED 


STD 






5+ 


2+ 


10DF 


STS 


Direct 


6 


3 


88 


EORA 






5 


3 


EE 


LDU 






5+ 


2+ 


10EE 


LDS 


Indexed 


6+ 


3+ 


89 


ADCA 






5 


3 


EF 


STU 


Ind 




5+ 


2+ 


10EF 


STS 


Indexed 


6+ 


3+ 


8A 


ORA 






5 


3 














10FE 


LDS 


Extended 


7 


4 


88 


ADDA 






5 


3 


FO 


SUBB 


Extended 


5 


3 


10FF 


STS 


Extended 


7 


4 


BC 


CMPX 






7 


3 


F1 


CMPB 


i 


i 


5 


3 


113F 


SWI3 


Implied 


20 


2 


8D 


JSR 






8 


3 


F2 


SBCB 






5 


3 


1183 


CMPU 


Immed 


5 


4 


BE 


LDX 






6 


3 


F3 


ADDD 






7 


3 


118C 


CMPS 


Immed 


5 


4 


BF 


STX 


Extended 


6 


3 


F4 


ANDB 






5 


3 


1193 


CMPU 


Direct 


7 


3 














F5 


BITB 






5 


3 


119C 


CMPS 


Direct 


7 


3 


CO 


SUBB 


Immed 


2 


2 


F6 


LDB 






5 


3 


11 A3 


CMPU 


Indexed 


7+ 


3+ 


CI 


CMPB 






2 


2 


F7 


STB 






5 


3 


11 AC CMPS 


Indexed 


7+ 


3+ 


C2 


SBCB 






2 


2 


F8 


EORB 






5 


3 


1183 


CMPU 


Extended 


8 


4 


C3 


ADDD 






4 


3 


F9 


ADCB 






5 


3 


11BC 


CMPS 


Extended 


8 


4 


C4 


ANDB 


} 


r 


2 


2 


FA 


ORB 


\ 


f 


5 


3 














C5 


BITB 


Immed 


2 


2 


FB 


ADDB 


Extended 


5 


3 















(NOTE): All unused opcodes are both undefined and illegal 
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NOTE FOR USE 

[1 ] Exceptional Operation of HPe SOS 
(a) Exceptional Operations of DMA/BREQ, BA signals 
(#1) 

HD6809 acknowledges the input signal level of 
DMA/BREQ at the end of each cycle, then determines 
whether the next sequence is MPU or DMA. When 
"Low" level is detected, HD6809 executes DMA 



sequence by setting BA, BS to "High" level. However, 

in the conditions shown below the assertion of BA, BS 

delays one clock cycle. 

< Condition s for the excep tion > 

(0 DMA/BREQ : "Low" for 6-13 cycles 
(2) DMA/BREQ : "High" for 3 cycles 



MPU 

cycle 



Dead 
cycle 



DMA cycle 



Dead 

cycle 



MPU cycle 



jnjTJiJijnj'Tjajij^ 



Dead 

cycle 



DMA cycle 




Figure 21 Exception of BA. BS Output 



(b) Exceptional Operations of DMA/BREQ, BA signals 

(#2) 

HD6809 includes a self refresh counter for the re- 



verce cycle steal. And it is only cleared if DMA/BREQ is 
inactive ("High") for 3 or more MPU cycles. So 1 or 2 
inactive cycle(s) doesn't affect the self refresh counter. 



j~uriJ'iJi-JiJn-jTjnjn^ 



1 cycle "High" 



DMA/BREQ 



BA,BS 



Self Refresh 
counter 



2 cycles "High' 



DMA/BREQ 



BA, BS 



Self Refresh 
counter 



MPU 



1 cycle 



DMA 
— 



Dead 



Dead 



DMA 




MPU 



effective (15 cycles) 
2 cycles 



I <^ cycles ^1 ; 



Reverse cycle steal 



Dead 



Dead 



DMA 
— « — 



Dead I MPU 



effective (15 cycles) 
Figure 22 Exception of DMA/BREQ 



Reverse cycle steal 



DMA 
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(c) How to avoid these exceptional operations 

It is necessary to provide 4 or more cycles for in- 



active DMA/BREQ level as shown in Fig. 23. 



BA. BS 







' 

4 or more cyclM 







Figure 23 How to Avoid Exceptional Operations 



[2] Restriction for DMA Transfer 

There is a restriction for the DMA transfer in the HD6809 
(MPU), HD6844 (DMAC) system. Please take care of fol- 
lowing. 



(a) An Example of the System Configuration 

T his restriction is applied to the following system. 

(1) DMA/BREQ is used for DMA request. 

(2) '*Halt Burst Mode** is used for DMA transfer 







Q D 
C 

7474 




DRQH 

HD6844 
(DMAC) 

DGRNT 


DMA/BREQ 

HO6809 
(MPU) 

BA 


DMA transfer 
request 


— E clock 


DMA acknowledge 



Figure 24 An Example of HD6809. HD6844 System 

(The restriction is also applied to the system which doesn't 
use 7474 Flip-Flop. Fig. 24, Fig. 25 shows an example which 
uses 7474 for synchronizing DMA request with E. 



(b) Restriction 

"The number of transfer Byte per one DMA Burst 
transfer must be less than or equal to 14.** 

Halt burst DMA transfer should be less than or 
equal to 14 cycles. In another word, the number 
stored into DMA Byte count register should be 0^14. 

* Please than care of the section [l](b) if 2 or more 
DMA channels are used for the DMA transfer. 

(c) Incorrect operation of HD6809, HD6844 system 

"Incorrect Operation'* will occur if the nu mber of 
DMA t ransfer Byte is more than 14 bytes. If DMA/ 
BREQ is kept in "Low** level HD6809 performs 



reverse cycle steals once in 14 DMA cycles by taking 
back the bus control. In this case, however, the action 
taken by MPU is a little bit different from the DMAC. 

As shown in Fig. 25, DMA controller can*t stop 
DMA transfer (®) by BA falling edge and excutes 
an extra DMA cycle during HD6809 dead cycle. So 
MPU cycle is excuted right after DMA cycle, the Bus 
confliction occurs at the beginning of MPU cycle. 

(d) How to impliment Halt Bust DMA transfer 
(> 14 cycles) 

Please use HALT_mputof HD6809 for the DMA 
request instead of DMA/BREQ. 
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•14 cycles 




MPU sets BA to inactive "Low" 
for reverse cycle steal. But 
DMAC couldn't acknowledge 
the request and perf ornrts 
extra DMA during Dead cycle. 



Figure 25 Comparison of HD6809, HD6844 DMA cycles 



[3] Note for CLR Instruction 

Cycle-by-cycle flow of CLR instruction (Direct, Ex- 
tended, Indexed Addressing Mode) is shown below. In this 
sequence the content of the memory location specified by 
the operand is read before writing *'00** into it. Note that 
status Flags, such as IRQ Flag, will be cleared by this extra 
data read operation when accessing the control/status 
register (sharing the same address between read and write) 
of peripheral devices. 



Example: CLR (Extended) 



$8000 


CLR 


$A000 






$A000 


FCB 


$80 






Cycle # 


Address 


Data 


R/W 


Description 


1 


8000 


7F 


1 


Opcode Fetch 


2 


8001 


AO 


1 


Operand Address, 










High Byte 


3 


8002 


00 


1 


Operand Address, 










Low Byte 


4 


FFFF 


* 


1 


VMA Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 


* 


1 


VMA Cycle 


7 


AOOO 


00 





Store Fixed **00" 










into Specified 










Location 



* The data bus has the data at that particular address. 
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[4] Note for MRDY 

HD6809 require synchronization of the MRDY input with 
the 4f clock. TTie synchronization necessitates an external oscil- 
lator as shown in Figure 26. The negative transition of the 



MRDY signal, normally derived from the chip select decoding, 
must meet the tfcs timing. MRDY*s positive transition must 
occur with the rising edge of 4f. 



XTAL 



EXTAL 



39 
38 



4xf 
Oscillator 



Part of 
H 06809 



MRDY Stratch 



Active Low 
Chip Salect 

For Slow 
Memory or 

Peripheral 



+5V 



Ik 
<^-AAAr 
14 



CLR 

k 

% 
7474 

I 

PR 

ir 



MRDY 
Synchronization 



A2 R/C 
74121 



Lis Q 



Values 
Chosen 
as Req'd 



MRDY Stretch 
Stretch - 0.7 RC 



To Memory 



Figure 26 MRDY Synchronization 
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HD6809E,HD68A09E, 
HD68B09E 

MPU(Micro Processing Unit) 



The HD6809E is a revolutionary high performance 8-bit 
microprocessor which supports modern programming techniques 
such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additional 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809E 
has the most complete set of addressing modes available on any 
8-bit microprocessor today. 

The HI>6809E has hardware and software features which 
make it an ideal processor for higher level language execution 
or standard controller applications. External clock inputs are 
provided to allow synchronization with peripherals, systems or 
other MPUs. 
HD6800 COMPATIBLE 

• Hardware - Interfaces with Ail HMCS6800 Peripherals 

• Software - Upward Source Code Compatible Instruction Set 

and Addressing Modes 

■ ARCHITECTURAL FEATURES 

• Two 16-bit Index Registers 

• Two 16-bit Indexable Stack Pointers 

• Two 8-bit Accumulators can be Concatenated to Form One 
16-Bit Accumulator 

• Direct Page Register Allows Direct Addressing Throughout 
Memory 

■ HARDWARE FEATURES 

• External Clock Inputs, E and Q, Allow Synchronization 

• TSC Input Controls Internal Bus Buffers 

• Lie Indicates Opcode Fetch 

• AVMA Allows Efficient Use of Common Resources in A 
Multiprocessor System 

• BUSY is a Status Line for Multiprocessing 

• Fast Interrupt Request Input Stacks Only Condition Code 
Register and Program Counter 

• Interrupt Acknowledge Output Allows Vectoring By Devices 

• SYNC Acknowledge Output Allows for Synchronization to 
External Event 

• Single Bus-Cycle RESET 

• Single 5- Volt Supply Operation 

• NMI Blocked After RESET Until After First Load of Stack 
Pointer 

• Early Address Valid Allows Use With Slower Memories 

• Early Write-Data for Dynamic Memories 

■ SOFTWARE FEATURES 

• 10 Addressing Modes 

• HMCS6800 Upward Compatible Addressing Modes 

• Direct Addressing Anywhere in Memory Map 

• Long Relative Branches 

• Program Counter Relative 

• True Indirect Addressing 

• Expanded Indexed Addressing: 

0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 




Auto- Increment/Decrement by 1 or 2 

• Improved Stack Manipulation 

• 1464 Instruction with Unique Addressing Modes 

• 8 X 8 Unsigned Multiply 

• 16-bit Arithmetic 

• Transfer/Exchange All Registers 

• Push/Pull Any Registers or Any Set of Registers 



• Load Effective Address 




■ PIN ARRANGEMENT 




Vss(T 


o 


gHAijr 






Si TSC 


iRQ[3 




^LIC 






13 RES; 


BS[5 




S AVMA 


Ba[6 




lo 


Vcc(T 




Be 


A.[8 




Obusy 


A-d 




Or/w 


A,Qo 


HO6809E 


Od« 


A,(n 










So, 


A, (l3 




Ho, 


A.04 




Od« 


A, 01 




2io, 


A.(i6 




^D. 


A,(l7 






A., (75 




3 a.. 


A., 01 




a A. 


A.»^ 




Oa,, 



(Top View) 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


-0.3 +7.0 


V 


Input Voltage 


Vin* 


-0.3 - +7.0 


V 


Operating Temperature Range 


Topr 


-20 +75 


'^C 


Storage Temperature Range 


Tstg 


-55 -+150 





* With respect to Vss (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended 
operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 



■ RECOMMENDED OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


unit 


Supply Voltage 


Vcc* 


4.75 


5.0 


5.25 


V 




Logic, Q, RES 


ViL* 


-0.2 




0.8 


V 




E 


ViLC* 


-0.3 




0.4 


V 


Input Voltage 


Logic 


VlH* 


2.2 




Vcc* 


V 




RES 


4.0 




Vcc* 


V 




E 


VlHC* 


Vcc* -0.75 




Vcc* +0.3 


V 


Operating Temperature 


Topr 


-20 


25 


75 





* With respect to Vss (SYSTEM GND) 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vqc ° 5.0V ±5%, Vss " OV, Ta - -20 +75°C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


HD6809E 


HD68A09E 


HD68B09E 


Unit 


min 


typ* 


max 


mm 


typ* 


max 


min 


typ* 


max 


Input "High" Voltage 


Logic, 


VlH 




2.2 




Vcc 


2.2 




Vcc 


2.2 




Vcc 


V 


Rig 


VlHR 




4.0 




Vcc 


4.0 




Vcc 


4.0 




Vcc 


V 


E 


VlHC 




Vcc 
-0.7S 




Vcc 
+0.3 


Vcc 
-0.75 




Vcc 
+0.3 


Vcc 
-0.75 




Vcc 
+0.3 


V 


Input "Low" Voltage 


Logic, Q, fIfS 


ViL 




-0.2 




0.8 


-0.2 




0.8 


-0.2 




0.8 


V 


E 


ViLC 




-0.3 




0.4 


-0.3 




0.4 


-0.3 




0.4 


V 


Input Leakage Current 


Logic, Q, RES 


Im 


Vin - ~ 5.25V, 
Vcc " max 


-2.5 




2.5 


-2.5 




2.6 


-2.5 




2.5 


HA 


E 


-100 




100 


-100 




100 


-100 




100 


HA 


Output "High" Voltage 


Do~D7 


VOH 


•Load--20E^iA. 
Vcc « min 


2,4 






2.4 






2.4 






V 


Ao~Aij,R/W 


'Load - -14S^, 
Vcc - mm 


2.4 






2.4 






2.4 






V 


BA, BS, Lie, 
AVMA, BUSY 


'Load - -100^, 
Vcc - mm 


2.4 






2.4 






2.4 






V 


Output "Low" Voltage 


Vol 


'Load -2mA, 
Vcc - min 






0.5 






0.5 






0.5 


V 


Power Dissipation 


Pd 








1.0 






1.0 






1.0 


W 


Input Capacitance 


Do ~D7, Logic 
Input, Q, ft 66 


Cm 


Vin "■ OV, 
Ta - 25° C, 
f - 1MHz 




10 


15 




10 


15 




10 


15 


Pf 


E 




30 


SO 




30 


50 




30 


50 


PF 


Output Capacitance 


Ao~A,s.R/W, 
BA, BS, Lie, 
AVMA, BUSY 


Cout 


Vin - OV. 
Ta - 25°C, 
f-IMHz 




10 


15 




10 


15 




10 


15 


PF 


Frequency of Operation 


E,Q 


f 




0.1 




1.0 


0.1 




1.5 


0.1 




2.0 


MHz 


Three-State (Off State) 
Input Current 




Itsi 


Vin- 0.4 ~ 2.4V, 
Vcc » max 


-10 




10 


-10 




10 


-10 




10 


HA 


Ao~Aij,R/W 




-100 




100 


-100 




100 


-100 




100 


HA 



• Ta - 25°C. Vcc " 5V 
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• AC CHARACTERISTICS (Vqc = 5.0V ±5%, Vss = OV, Ta = -20 ~ +75*'C, unless otherwise noted.) 
READ/WRITE TIMING 



ItAm 


Symbol 


Test 


HD6809E 


HD68A09E 


HD68B09E 


Unit 






Condition 


mm 


typ 


max 


mm 


typ 


max 


min 


typ 


max 


Cycle Time 


tcyc 




1000 




10000 


667 




10000 


500 




10000 


ns 


Peripheral Read Access Times 
tcyc - tEf - tAD - <DSR - tACC 


tACC 




695 


- 


- 


440 


- 


- 


330 


- 


- 


ns 


Data Setui) Time (Read) 


tDSR 




80 


_ 


_ 


60 


_ 


_ 


40 


_ 


_ 


ns 


Input Data Hold Time 


tDHR 




10 


_ 


_ 


10 


_ 


_ 


10 


_ 


_ 


ns 


Output Data Hold Time 


Ta = 0~+75°C 


tDHW 




30 


_ 


_ 


30 


_ 


_ 


30 


_ 


_ 


ns 


Ta = -20~0°C 




20 


_ 


_ 


20 


_ 


_ 


20 


_ 


_ 


ns 


Address Hold Time 


Ta = ~ +75''C 


tAH 




20 






20 






20 






ns 


(Address, R/W) 


Ta = -20~0°C 




10 






10 






10 






ns 


Address Delay 


^AD 








200 
















Data Delay Time (Write) 


^DDW 


Fig. 1, 2, 
7-10, 
14 and 17 






200 






140 






110 


ns 


E Clock "Low" 




450 




9500 


295 




9500 


210 




9500 




E Clock "High" (Measured at VlH) 






450 




9500 


280 




9500 


220 




9500 




E f^j«e and Fall Time 


tgr, tEf 








25 






25 






20 




Q Clock "High" 


tPWQH 




450 




9500 


280 




9500 


220 




9500 




Q Rise and Fall Time 


tQr, tQf 








25 






25 






20 


ns 


E "Low" to Q Rising 


tEQI 




200 






130 






100 






ns 


Q "High" to E Rising 


*EQ2 




200 






130 






100 






ns 


E "High" to Q Falling 


*EQ3 




200 






130 






100 






ns 


Q "Low" to E Falling 


tEQ4 




200 






130 






100 


_ 


_ 


ns 


Interrupts HALT, RES and TSC Setup Time 


tpcs 




200 


_ 


_ 


140 


_ 


_ 


110 


_ 


_ 


ns 


TSC Drive to Valid Logic Levels 


^TSA 








210 






150 






120 


ns 


TSC Release MOS Buffers to High Impedance 


^TSR 








200 






140 






110 


ns 


TSC Three-State Delay 


tTSD 








120 






85 






80 


ns 


Control Delay (BUSY, LIC) 


tCD 








300 






250 






200 


ns 


Control Delay (AVMA^) 


tCD 








300 






270 






240 


ns 


Processor Control Rise/Fall 


tPCr. tpcf 








100 






100 






100 


ns 


TSC Input Delay 


tPCT 




10 






10 






10 






ns 



• AVMA drives a not-valid data before providing correct output, so spec tco max = 270 nsec (HD68A09E) and 240 nsec (HD68B09E) are applied to 
this signal. When this delay time causes a problem in user's application, please use D-type tatch to get stable output. 



°_J I I L 

I 

*^ ^Not Valid'^ ^Not Valid'^ 
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BUSY, 

Lie. 

AVMA 



* Hold time for BA, iBS not specified 

(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High"- VinVnin and logic "Low" - V||_„f,x unless otherwise specified. 

Figure 1 Read Data from Memory or Peripherals 




* Hold time for BA. BS not specified 

(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High">V|Hmin s^^cl logic "Low" ■ V|L,fnax unless otherwise specified. 

Figure 2 Write Data to Memory or Peripherals 
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Figure 3 HD6809E Expanded Block Diagram 



Test Point O 




Rl = 2.2 kSl 



C » 30 pF for BA. BS. LIC. AVMA, BUSY 
130pF for Do ~D7 
90 pF for Ao~A,5,R/W 

R -11.7 ktt for Do~D, 

16.5 knforAo~A„,R/W 

24 kflfor BA, BS , LIC, AVMA, BUSY 

Ail diodes are 1S2074(h) or equivalent. 
C includes stray capacitance. 

Figure 4 Bus Timing Test Load 



■ PROGRAMMING MODEL 

As shown in Figure 5, the HD6809E adds three registers to 
the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
Index Register. 

• Accumulators (A, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
Register, and is formed with the A Register as the most 
significant byte. 

• Direct Page Register (DP) 

The Direct Page Register of the HD6809E serves to enhance 
the Direct Addressing Mode. The content of this register 
appears at the higher address outputs (Ag ^ Ais) during direct 
addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
cleared during Processor Reset. 
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X - Index Register 



Y — Index Register 



U - User Stack Pointer 



S — Hardware Stack Pointer 



Pointer Registers 



Program Counter 
Accunnulators 



DP 


7 

















F 


H 


1 


N 


zlv 





Direct Page Register 



Z I V c| CC - Condition Code Register 



Figure 5 Programming Model of The Microprocessing Unit 



• Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
the index register are incremented or decremented to point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as index registers. 

• Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. This allows the HD6809E to be used effi- 
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 



E 


F 


H 


1 


N 


Z 


V 


c 



- Carry 

- Overflow 

- Zero 

- Negative 

- IRQ Mask 

- Half Carry 
-FIRQ Mask 

- Entire Flag 



Figure 6 Condition Code Register Format 



■ CONDITION CODE REGISTER DESCRIPTION 
• Bit (C) 

Bit is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a *borrow' from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 



(NOTE) The stack pointers of the HD6809E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 

• Program Counter (PC) 

The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the 
processor. Relative Addressing is provided allowing the Program 
Counter to be used like an index register in some situations. 

• Condition Code Register (CC) 

The Condition Code Register defines the state of the 
processor at any given time. See Figure 6. 



• Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two's complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1. 

• Bit2(Z) 

Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 

• Bit3(N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative two's-complement result will leave N set to a one. 
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• Bit 4 (I) 

Bit 4 is the IRQ mask bit. The processor will not reco gnize 
interrupts from th e IRQ line if this bit is set to a one. NMI, 
FIRQ, IRQ, RES and SWI all set I to a one; SWI2 and SWI3 
do not affect I. 

• Bit 5(H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 

• Bit 6(F) 

Bit 6 is the FIR Q mask bit. The processor will not re c ognize 
interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IR5, SWI2 and SWI3 do not 
affect F. 

• Bit 7(E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 

■ HD6809E MPU SIGNAL DESCRIPTION 

• Power (VSS, VCC) 

Two pins are used to supply power to the part: Vss is 
ground or volts, while Vcc is +5.0 V ±5%. 

• Address Bus (Aq ^ Ais ) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF16, R/W = "High", and BS = "Low"; this is a "dummy 
access" or VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is "High" or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 

• Data Bus (Do -^D?) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 

• Read/Write (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A "Low]' indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is "High" 
or when TSC is asserted. Refer to Figures 1 and 2. 

• RES 

A "Low" level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFEi^ and FFFF16 
(Table 1) when Interrupt Acknowledge is true, (BA • BS = 1). 
During initial power-on, the Reset line should be held "Low" 
until the clock input signals are fully operational. 

Because the HD6809E Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 



This higher threshold voltage ensures that all peripherals are 
out of the reset state before the Processor. 



Table 1 Memory Map for Interrupt Vectors 



Memory Map for Vector 
Locations 


Interrupt Vector 
Description 


MS 


LS 


FFFE 


FFFF 


RES 


FFFC 


FFFD 


NMT 


FFFA 


FFFB 


SWI 


FFF8 


FFF9 


IRQ 


FFF6 


FFF7 


FIRQ 


FFF4 


FFFB 


SWI2 


FFF2 


FFF3 


SWI3 


FFFO 


FFFl 


Reserved 



• HALT 

A "Low" level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven "High" indicating the buses are high impedance. BS 
is also "High" which indicates the processor is in the Halt state. 
While hal ted, th e MP U will not respo nd to ex ternal real-time 
requests (FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run nor mally. A halted stat e (BA • BS = 1) can be 
achieved by pulling HALT "Low" while RlS is still "Low". See 
Figure 8. 

• Bus Available, Bus Status (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BAgoes "Low", a dead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. 



The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 



MPU State 


MPU State Definition 


BA 


BS 








Normal (Running) 





1 


Interrupt or RESET Acknowledge 


1 





SYNC Acknowledge 


1 


1 


HALT Acknowledge 



Interrupt Acknowle dge is indica t ed dur i ng bo th cycles of a 
hardware-vector-fetch (RES, Mil, FiRQ, tfej, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 
1. 

Sync Acknowledge is indicated while the MPU is waiting 

for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6809E is in a 
Halt condition. 
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re5 




tpcs — 



— tpcs 



MSCZDCI)CIXIDCIXIXZX=XIZ)C^ 

$FFFE $FFFE $FFFE $FFFE $FFFE $FFFF $FFFF New PC New PC+f 



XZDCZX=DCZDC=)C=)C=)CZ)(ZZ)(II)CZX 



xzzx: 



X=XIDCIXIZ)CIXZDCZDCIDC 



$FF FE $F FFE $FFFE $FFFE $F FFF $FFFF New PC 

X X I xz 



R/ff MET 
BA MEL 



Naw PCh New PC,. VKfS 1st Opcode 



New PCh New PCl VWA 



BS mm 



AVMA 
BUSY 

Lie m. 



>ClI?CD<ZDCZXZX 



(NOTE) Waveform measurements for ail inputs and outputs are specified at logic "High" = Vmmin 'og«c "Low" = Vn_^ax ""'ess otherwise specified. 

Figure 7 RES Timing 



4^ 
O 

00 



3 



2nd to Last Last Cycle 

Cycle of of 

Current Current Dead 
I Inst. I Inst. I Cycle 



Dead 
Cycle 



Instruction Instruction 
I Fetch i Execute | 



Dead 
Cycle 



O 
I 



> 



Address 
Bus 




Data 
Bus 



AVMA 



BA 



I 



__J(__J — V 



Fetch Execute 



< — X — y 



instruction 
Opcocte 



A r 



(NOTE) Wavefornn measurements for all inputs and outputs are specified at logic "High" = V|Hmin 'o9«c "Low" « V|L„^ax ""less otherwise specified. 
Figure 8 HALT and Single Instruction Execution for System Debug 
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• Hon Maskable Interrupt (NMI)* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibi t ed by the program, and also has a 
higher priority tha n FIR Q, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first progra m loa d of the Hardware Stack Pointer (S). 
The puls e width of NMI low must be at least one E cycle. If 
the NMI input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9. 



• Fast- Interrupt Request (FIRQ)* 

A "Low" level on this input pin will initiate a fast interrupt 
sequence, provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 

• Interrupt Request (IRQ)* 

A "Low" level input on this pin will initiate an Interrupt 
Requ est se quence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entir e machine st ate it provides a slower 
respo nse to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the interrupt before doing an RTI. See Figure 9. 

• NMT, FIRQ, and IRQ requests are sampled on the falling edge of Q. 
One cycle is required for synchronization before these interrupts are 
recognized. The pending interrupt(s) will not be serviced until 
completion of the cur rent instr uction unless a SYNC or CWAI 
condition is present. If IRQ and FIRQ do not remain "Low" until 
completio n of the current instruction they may not be recognized. 
However, NMI is latched and need only remain "Low" for one cycle. 



• Clock Inputs E, Q 

E and Q are the clock signals required by the HD6809E. 
Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, txo after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures 1 and 2 while Figure 1 1 shows a 
simple clock generator for the HD6809E. 

• BUSY 

Busy will be "High" for the read and modify cycles of a read- 
modify-write instruction and during the access of the first byte 



of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also "High" during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 
defer the re arbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required for a "test-and-set" primi- 
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 
Figure 12. Timing information is given in Figure 13. Busy is 
valid tcD after the rising edge of Q. 

• AVMA 

AVMA is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi- 
processor systems. AVMA is "Low" when the MPU is in either a 
HALT or SYNC state. AVMA is valid tco after the rising edge 
of Q. 

• Lie 

Lie (Last Instruction Cycle) is "High" during the last cycle 
of every instruction, and its transition from "High" to "Low" 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be "High" when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid t^D after the rising edge of Q. 

• TSC 

TSC_(Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) will not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con- 
trollers). _ 

While E is "Low", TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are in a 
high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in a high-impedance state for the 
remainder of the bus cycle. See Figure 14. 

• MPU Operation 

During normal operation, the MPU fetches an instruction 
from memory and th en exe cutes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are : SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HAlTf 
input can also alter the normal execution of instructions. 
Figure 15 illustrates the flow chart for the HD6809E. 
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Last Cycle 

of Current Instruction 
instruction Fetch 
— Interrupt Stacking and Vector Fetch Sequence 

1-2. m-1, m , m + 1 m + 2 , nri + 3 , m+4 m+5 m+6 m + 7 m + 8 m+9 m + 10,m + 11,m + 12,nr» + 13 nr» + 14.nri + 15 nfi+ n n 

— 4- — -H — — -H — — -t — — — — H- — H- — — — 4- — — + — H- — i- — -H — — 



'JCIDCIXZJ X' )CZXZX X CDL,,JL,.jCIXZXZXII)^ X — XIDCZXZXZDC 



tpcf — 



PC PC FFFF SP~1 SP-2 SP-3 SP-4 SP-5 ! 



SP-7 SP-8 SP-9 SP-10SP-11SP-12 FFFF FFFC FFFD FFFF New New 

(fiMI) ifm) PC PC + 1 

FFF8 FFF9 

(THQ) (IRQ) 



o-Z3CZXZ)CZ>CZ)CZ)CZXIXIXZXZ>CIXZX:^^ 

VR^ PCL PCH UL UH YL YH XL XH DP B A CC VfJi^ New New TfXA 

PCH PCL 



BS 



AVMAiDczxizr 

BUSY X 



Lie 

E ' 



(NOTE) Wavefornrt measurements for all inputs and outputs are specified at logic "High" « V|Hmin ^'^^ "Low" - V|i_^x unless otherwise specified. 
E clock sho¥vn for reference only. 



Figure 9 IRQ and NMI Interrupt Timing 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High" = V|Hmin 'o9»c "Low" = Vil^^x u"'®" otherwise specified. 
E clock shown for reference only. 



Figure 10 FIRQ Interrupt Timing 
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O Q to System and Procmtor 



O E to System 



NOTE If optional circuit is not included the CLR and PRE 
inputs of U2 and U3 must be tied high. 



Figure 1 1 HD6809E Clock Generator 
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Contents Description 

ASL Indexed Opcode 
Extended Indirect Postbyte 
Indirect Address Hi-Byte 
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Next Main Instruction 



$6300 
$6301 



$E3 



$D6 



Effective Address Hi-Byte 
Effective Address Lo-Byte 



$E3D6 



Target Data 



Figure 12 Read Modify Write instruction Example (ASL Extended Indirect) 
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$0202 
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X 




X 


X 
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X 


X 
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X 
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TSC 



R/W Addr 



MPU Data 




(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High" = ViHmin ^nd logic "Lovw" « ViLmax unless otherwise specified. 

Figure 13 BUSY Timing (ASL Extended Indirect Instruction) 
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(NOTES) Data will be asserted by the MPU only during the interval while R/W is "Low" and E or Q is "High". 

Waveform measurements for all inputs and outputs are specified at logic "High" « V|Hmin '^^d'c "Low" « ViL^ax unless otherwise specified. 

f^lgure 14 TSC Timing 
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■ ADDRESSING MODES 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HE)6809E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6809E has 59 
basic instructions; however, it recognizes 1464 different varia- 
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6809E: 

(1) Implied (Includes Accumulator) 

(2) Immediate 

(3) Extended 

(4) Extended Indirect 

(5) Direct 

(6) Register 

(7) Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 

(8) Indexed Indirect 

(9) Relative 

(10) Program Counter Relative 

• Implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 

• Immediate Addressing 

In Immediate Addressing, the effective address of the data 
is the location immediately following the opcode (i.e., the data 
to be used in the instruction immediately follows the opcode 
of the instruction). The HD6809E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with immediate 
Addressing are: 

LDA #$20 

LDX #$F000 

LDY #CAT 

(NOTE) # signifies immediate addressing, $ signifies hexa- 
decimal value. 

• Extended Addressing 

In Extended Addressing, the contents of the two bytes im- 
mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 

STX MOUSE 

LDD $2000 

• Extended Indirect 

As a special case of indexed addressing (discussed below), 
one level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 

LDA [CAT] 

LDX [$FFFE] 

STU [DOG] 



• Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The upper 
8 bits of the addreso are supplied by the direct page register. 
Since only one byte of address is required in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, direct 
addressing on the HD6809E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in direct addressing. 
Some examples of direct addressing are: 
LDA $30 

SETDP $10 (Assembler directive) 
LDB $1030 
LDD <CAT 

(NOTE) < is an assembler directive which forces direct 
addressing. 

• Register Addressing 

Some opcodes are followed by a byte that defines a register 
or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 
TFR X, Y Transfer X into Y 
EXG A, B Exchanges A with B 

PSHS A,B,X,Y Push Y,X, Band A onto S 
PULU X, Y, D Pull D, X, and Y from U 

• Indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure 16 lists the legal formats for the 
postbyte. Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 



Pon-Byte Regittsr Bit 


Indexed 
Addressing 
Mode 


7 


6 


5 


4 


3 


2 


1 








R 


R 


d 


d 


d 


d 


d 


EA - ,R + 5 Bit Offset 




R 


R 

















.R + 




R 


R 













1 


.R + * 




R 


R 











1 





.-R 




R 


R 










1 


1 


.--R 




R 


R 







1 








BA' .B*0 Offset 




R 


R 







1 





1 


EA - .R ♦ ACCB Offset 




R 


R 









1 





EA - ,R ♦ ACCA Offset 




R 


R 















EA - . R ♦ 8 Bit Offset 




R 


R 












1 


EA - .R ♦ 16 Bit Offset 




R 


R 


i 







1 


1 


EA - .R ♦ D Offset 




X 


X 






1 








EA-.PC* 8 Bit Offset 




K 








1 





1 


EA - .PC + 16 Bit Offset 




R 


R 






1 


1 


1 


EA - {.Address] 



> Addressing Mode Fieid 

I Indirect Field 

(Sigh bit vwtien b7 - 0) 

Register Field RR 

00 - X 

X - Don't Cere 01 - Y 

d- Offset Bit j^"^ 

{0 - Non Indirect 
1 - Indirect 

Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 



Type 


Forms 


Non Indirect 


Indirect 


Assembler 
Form 


Postbyte 
OP Code 


+ 


+ 
# 


Assembler 
Form 


Postbyte 
OP Code 


+ 


# 


Constant Offset From R 
(2's Complement Offsets) 


No Offset 


,R 


1RR00100 








LRl 


1RR10100 


3 





5 Bit Offset 


n, R 


ORRnnnnn 


1 





defaults to 8-bit 






8 Bit Offset 


n, R 


IRROKXK) 


1 


1 


In, Rl 


1RR11000 


4 


1 


16 Bit Offset 


n, R 


1RR01001 


4 


2 


(n, R] 


1RR11001 


7 


2 


Accumulator Offset From R 
(2's Complement Offsets) 


A Register Offset 


A, R 


1RR00110 


1 





IA,R1 


1RR10110 


4 





B Register Offset 


B, R 


1RR00101 


1 





(B, R] 


1RR10101 


4 





D Register Offset 


D. R 


1RR01011 


4 





(D, R] 


1RR11011 


7 





Auto Increment/Decrement R 


Increment By 1 


,R + 


1RR00000 


2 





not allowed 






Increment By 2 


,R + + 


1RR00001 


3 





(,R++] 1 1RR10001 


6 





Decrement By 1 




1RR00010 


2 





k not allowed 






Decrement By 2 


,--R 


1RR00011 


3 





L--R) 


1RR10011 


6 





Constant Offset From PC 
(2's (Complement Offsets) 


8 Bit Offset 


n, PCR 


IxxOllOO 


1 


1 


[n, PCR] 


IxxlllOO 


4 


1 


16 Bit Offset 


n, PCR 


IxxOIIOI 


5 


2 


In, PCRl 


IxxlllOl 


8 


2 


Extended Indirect 


16 Bit Address 










[nj 


10011111 


5 


2 



R = X,Y,UorS RR: 

X = Don't Care 00 = X 
01 =Y 

10 = U 

11 =S 

iand J indicate the number of additional cycles and bytes for the particular variation. 



Zero-Offset indexed 

In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 
Examples are : 
LDD 0, X 
LDA S 

Constant Offset indexed 

In this mode, a two's^complement offset and the contents 
^f one of the pointer registers are added to form the effective 
" iMress of the operand. The pointer register's initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 
5-bit (-16 to +15) 
8-bit (-128 to +127) 
16.bit (-32768 to +32767) 

The two*s complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and cycles. 
The two's complement 8-bit offset is contained in a single byte 
following the postbyte. The two's complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 

Examples of constant-offset indexing are: 
LDA 13, X 
LDX -2, S 



LDY 300, X 
LDU CAT,Y 

Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two's-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 
Some examples are: 

LDA B, Y 

LDX D,Y 

LEAX B,X 

Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or 
for the creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/ decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre- 
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decrement, post-increment nature of these modes allow them 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 

LDA , X + 

STD ,Y + + 

LDB , - Y 

LDX , - - S 

Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 
STX 0, X + + (X initialized to 0) 
The desired result is to store a in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

temp calculate the EA; temp is a holding register 
X + 2 X perform autoincrement 
X (temp) do store operation 

• Indexed Indirect 

All of the indexing modes with the exception of auto 
increment/decrement by one, or a ±4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index Register and an 
offset. 

Before Execution 
A = XX (don't care) 
X = $F000 

$0100 LDA [$10, X] EAisnow$F010 

$F01 $F 1 $F 1 50 is now the 

$F011 $50 newEA 

$F150 $AA 

After Execution 

A = $AA (Actual Data Loaded) 

X = $F000 

All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 

LDA [, X] 

LDD [10, S] 

LDA [B,Y] 

LDD [,X + +] 

• Relative Addressing 

The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true then the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as indicated 
by the PC; short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of memory can be 
reached in long relative addressing as an effective address is 
interpreted modulo 2**. Some examples of relative addressing 
are: 

BEQ CAT (short) 
BGT DOG (short) 



CAT LBEQ RAT Cong) 
DOG LBGT RABBIT (long) 



RAT NOP 
RABBIT NOP 

• Program Counter Relative 

The PC can be used as the pointer register with 8 or 16-bit 
signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT,PCR 
LEAX TABLE, PCR 

Since program counter relative is a type of indexing, an 
additional level of indirection is available. 
LDA [CAT, PCR] 
LDU [DOG, PCR] 

■ HD6809E INSTRUCTION SET 

The instruction set of the HD6809E is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464. 

Some of the new instructions are described in detail below: 

• PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 

• PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 

PUSH/PULL POST BYTE 

I I I I I I I I I 

I \ I \ \ L_— CC 



Pull Order Push Order 

PC U Y X DP B A CC 

FFFF ^ increasing memory address 0000 

PC S Y X DP B A CC 
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• TFR/EXG 

Within the HD6809E, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4~7 of postbyte define the source register, while 
bits 0~3 represent the destination register. These are denoted 
as follows: 



Table 3 LEA Examples 



0000 -D 
0001 -X 
0010-Y 
OOU-U 
0100 -S 



0101 - PC 
1000 -A 
1001 ~B 
1010 -CC 
1011 - DP 



(NOTE) All other combinations are undefined and INVALID. 
TRANSFER/EXCHANGE POST BYTE 



n — \ — r 

SOURCE 
J I L. 



DESTINATION 

I I l__ 



• LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 
LEAX MSGl.PCR 
LBSR PDATA (Print message routine) 



MSGl FCC 



^MESSAGE' 



This sample program prints: *MESSAGE'. By writing MSGl, 
PCR, the assembler computes the distance between the present 
address and MSGl. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSGl into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1. b temp (calculate the EA) 

2. b + 1 b (modify b, postincrement) 

3. temp -> a (load a) 

LEAa, - b 

1. b — 1 temp (calculate EA with predecrement) 

2. b - 1 -*-b (modify b, predecrement) 

3. temp a (load a) 

Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, -X does decrement X. LEAX 1, X should be 
used to increment X by one. 



Instruction 


Operation 


Comment 


LEAX 10, X 


X+ 10 X 


Adds 5-bit constant 1 to X 


LEAX 500, X 


X + 500 X 


Adds 16-bit constant 500 to X 


LEAY A, Y 


Y + A -* Y 


Adds 8-bit A accumulator to Y 


LEAY D, Y 


Y + D -> Y 


Adds 16-bit D accumulator to Y 


LEAU -10, U 


U- 10 ->u 


Subtracts 10 from U 


LEAS -10, S 


S - 10 ->s 


Used to reserve area on stack 


LEAS 10, S 


S + 10 ->s 


Used to 'clean up' stack 


LEAX 5, S 


S + 5 -^X 


Transfers as well as adds 



• MUL 

Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 

Long and Short Relative Branches 

The HD6809E has the capability of program counter 
relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken, the 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated througli the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 

• SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and wait s for an 
interrupt. If the pend ing interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perf orm th e no rmal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the i nterrupt wil l 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 

Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SWI are available on this 
HD6809E, and are prioritized in the following order: SWI, 
SWI2, SWI3. 

16-Bit Operation 

The HD6809E has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 

■ CYCLE-BY-CYCLE OPERATION 

The address bus cycle -by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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technique considerably speeds throughput. ) Nex t, the operation 
of each opcode will follow the flow^chart. VMA is an indication 
of FFFF16 on the address bus, R/W = **High" and BS = "Low". 
The following examples illustrate the use of the chart; see 
Figure 18. 

Example 1: LBSR (Branch Taken) 
Before Execution SP = FOOO 



Example 2: DEC (Extended) 



$8000 



$A000 CAT 



LBSR 



CAT 



CYCLE-BY-CYCLE FLOW 





Address 


Data 


1 


8000 


17 


2 


8001 


IF 


3 


8002 


FD 


4 


FFFF 


* 


5 


FFFF 


* 


6 


FFFF 


* 


7 


FFFF 


* 


8 


EFFF 


03 


9 


EFFE 


80 



Description 
Opcode Fetch 
Offset High Byte 
Offse t Low Byte 
VSlA Cycle 
\^ Cycle 
Cycle 
VMA Cycle 
Stack Low Order 
Byte of Return 
Address 

Stack High Order 
Byte of Return 
Address 



$8000 
$A000 



DEC 
FCB 



$A000 
$80 



CYCLE-BY-CYCLE FLOW 



cle # 


Address 


Data 


R/W 


Description 


1 


8000 


7A 


1 


Opcode Fetch 


2 


8001 


AO 


1 


Operand Address, 
High Byte 


3 


8002 


00 


1 


Operand Address, 
Low Byte 


4 


FFFF 


>t> 


1 


VRH Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 


* 


1 


VMA Cycle 


7 


AOOO 


7F 





Store the Decre- 
mented Data 



* The data bus has the data at that particular address. 

■ HD6809E INSTRUCTION SET TABLES 

The instructions of the HD6809E have been broken down 
into five different categories. They are as follows: 
8-Bit operation (Table 4) 
16-Bit operation (Table 5) 
Index register/stack pointer instructions (Table 6) 
Relative branches (long or short) (Table 7) 
Miscellaneous instructions (Table 8) 

HD6809E instruction set tables and Hexadecimal Values of 
instructions are shown in Table 9 and Table 10. 



<^ HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, OA 94005-1819 • (415) 589-8300 41 9 



O 



> 
3 



Last Cycle Sync 
of Previous Opcode 
.instruction, Fetch , Execute 



Sync Acknowledge 

\ 



Last Cycle 
of Sync 
.instruction, 



5! 
o 
z 




(NOTES) 1 . if the associated mask bit is set when the interrupt is reque sted, LIC will go "Low " and th is cycle will be an instruction fetch from address 
location PC -t- 1. However, if the interrupt is accepted (nMI or an unmasked FIRQor IRQ) LIC will remain "High" and interrupt processing 
will start with this cycl e as (m) o n Figu re 9 and 10 (Interrupt Timing). 

2. if mask bits are clear, IRQ and FIRQ must be held "Low" for three cycles to guarantee that interrupt will be taken, although only one cycle 
is necessary to bring the processor out of SYNC. 

3. Waveform measurements for all inputs and outputs are specified at logic "High" « V|Hmin "Low" " ^ti^mmx ^ni^ otherwise 
specified. 

Figure 17 SYNC Timing 
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(NOTE) 

1 . Busy = "High" during access of first byte of double byte innmediate load. 

2. Write operation during store instruction . Busy = "High" during first two cycles of a double-byte access and the first cycle of read-modify-write access. 
3 AVMA IS asserted on the cycle before a VMA cycle. 

Figure 18 Address Bus Cycle-by -Cycle Performance 
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(Note 4) 



VECTOR (H), VECTOR (H), 

BUSY«-1 BUSY«(-1 

VECTOR (L), VECTOR <U. ADDR+-SP 

BUSY^O BUSY 4-0 




(NOTES) _ 

1. Stack (W) refers to the following sequence: SP SP - 1 , then AOOR SP with R/W = "Low" 
Stack (R) refers to the following sequence: ADDR <<- SP with R/W = "High", then SP *-SP + 1 . 

PSHU, PULU instructions use the user stack pointer (i.e., SP * U) and PSHS, PULS use the hardware stack pointer (I.e., SP = S). 

2. Vector refers to the address of an interrupt or reset v^tor (see Table 1 ). 

3. Thenumber of stack accesses will vary according to the number of bytes saved. 

4. VMA cycles will occur until an Interrupt occurs. 

Figure 18 Address Bus Cycle-by -Cycle Performance {Continued) 
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Non-Implied 



ADCA 

ADCB 

ADDA 

ADDB 

AN DA 

ANDB 

BITA 

BITB 

CMPA 

CMPB 

EORA 

EORB 

LDA 

LDB 

ORA 

ORB 

SBCA 

SBCB 

STA 

STB 

SUBA 

SUBB 



LDD 
LDS 
LDU 
LDX 
LDY 

ANDCC 
ORCC 



ASL 
ASR 
CLR 
COM 
DEC 
INC 
LSL 
LSR 
NEG 
ROL 
ROR 



VMA,BUSY«-1 
ADDR + 
BUSY <-0 



ADDD 
CMPD 
CMPS 
CMPU 
CMPX 
CMPY 
SUBD 



STD 
STS 
STU 
STX 
STY 



VRIA 
STACK (W) 
STACK (W) 



VMA 



(NOTES) 

1 Stack (W) refers to the following sequence SP<-SP — 1, 
then ADDR *-SP with R/W = "Low" 
Stack (R) refers to the following sequence ADDR*~ with 
R/W = "High", then SP ^ SP + 1 
PSHU, PULU instructions use the user stack pointer (i.e., 
SP = U) and PSHS, PULS use the hardware stack pointer 
(I.e., SP = S) 

2. Vector refers to the address of an interrupt or reset vector 
(see Table 1) 

3 The number of stack accesses will vary according to the 
numb er of bytes saved. 

4 VMA cycles will occur until an interrupt occurs. 
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Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 



Table 4 8-Bit Accumulator and Memory Instructions 



Mnemonic(s) 


Operation 


ADCA, ADCB 


Add memory to accumulator with carry 


ADDA, ADDB 


Add memory to accumulator 


ANDA, ANDB 


And memory with accumulator 


ASL, ASLA, ASLB 


Arithmetic shift of accumulator or memory left 


ASR, ASRA. ASRB 


Arithmetic shift of accumulator or memory right 


BITA, BITB 


Bit test memory with accumulator 


CLR,CLRA, CLRB 


Clear accumulator or memory location 


CMPA, CMPB 


Compare memory from accumulator 


COM, COMA, COMB 


Complement accumultor or memory location 


DAA 


Decimal adjust A accumulator 


DEC, DECA, DECB 


Decrement accumulator or memory location 


EORA, EORB 


Exclusive or memory with accumulator 


EXG R1,R2 


Exchange R1 with R2 (R1, R2 » A, B, CC, DP) 


INC, INCA, INCB 


Inaement accumulator or menrK>ry location 


LDA, LDB 


Load accumulator from memory 


LSL, LSLA, LSLB 


Logical shift left accumulator or menfK>ry location 



(Continued) 
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Table 4 8-Bit Accumulator and Memory Instructions (Continued) 


Mnemonic(s) 


Operation 


LSR. LSRA, LSRB 


Logical shift right accumulator or memory location 


MUL 


Unsigned multiply (A x B D) 


NEG.NEGA, NEGB 


Negate accumulator or memory 


ORA.ORB 


Or memory with accumulator 


ROL, ROLA, ROLB 


Rotate accumulator or memory left 


ROR. RORA, RORB 


Rotate accumulator or memory right 


SBCA, SBCB 


Subtract menwry from accumulator with borrow 


STA, STB 


Store accumulator to memory 


SUBA, SUBB 


Subtract memory from accumulator 


TST. TSTA, TSTB 


Test accumulator or memory location 


TFR R1, R2 


Transfer Rl to R2 (Rl , R2 = A, B, CC, DP) 


(NOTE) A, B. CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PULS, PULU) instructions. 




Table 5 16*Bit Accumulator and Memory Instructions 


Mnemonic(s) 


Operation 


ADDD 


Add memory to D accumulator 


CMPO 


Compare memory from D accumulator 


EXG D, R 


Exchange D with X, Y, S. U or PC 


LDD 


Load accumulator from menK>ry 


SEX 


Sign ExterKi B accumulator into A accumulator 


STD 


Store D accumulator to memory 


SUBD 


Subtract memory from D accumulator 


TFR D, R 


Transfer D to X. Y. S, U or PC 


TFR R,D 


Transfer X, Y, S, U or PC to D 



(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS. PULU) 
instructions. 



Table 6 Index Register Stack Pointer Instructions 



Mnemonic(s) 


Operation 


CMPS, CMPU 


Compare memory from stack pointer 


CMPX, CMPY 


Compare memory from irKlex register 


EXG R1, R2 


Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 


LEAS, LEAU 


Load effective address into stack pointer 


LEAX, LEAY 


Load effective address into index register 


LDS, LDU 


Load stack pointer from memory 


LDX, LDY 


Load index register from memory 


PSHS 


Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 


PSHU 


Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 


PULS 


Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 


PULU 


Pull A, B, CC, DP, D, X, Y, S or PC from user stack 


STS, STU 


Store stack pointer to memory 


STX, STY 


Store index register to memory 


TFR R1,R2 


Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 


ABX 


Add B accumulator to X (unsigned) 
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Table 7 Branch Instructions 


Mnenfx>nic(s) 


Operation 


SIMPLE BRANCHES 


BEQ, LBEQ 


Branch if equal 


BNE, LBNE 


Branch if not equal 


BMI,LBMI 


Branch if minus 


BPL, LBPL 


Branch if plus 


BCS, LBCS 


Branch if carry set 


BCC, LBCC 


Branch if carry clear 


BVS, LBVS 


Branch if overflow set 


BVC. LBVC 


Branch if overflow clear 


SIGNED BRANCHES 


BGT, LBGT 


Branch if greater (signed) 


BGE, LBGE 


Branch if greater than or equal (signed) 


BEQ. LBEQ 


Branch if equal 


BLE. LBLE 


Branch if less than or equal (signed) 


BLT, LBLT 


Branch if less than (signed) 


UNSIGNED BRANCHES 


BHI, LBHI 


Branch if higher (unsigned) 


BHS, LBHS 


Branch if higher or same (unsigned) 


BEQ. LBEQ 


Branch if equal 


BLS, LBLS 


Branch if lower or same (unsigned) 


BLO, LBLO 


Branch if lower (unsigned) 


OTHER BRANCHES 


BSR. LBSR 


Branch to subroutine 


BRA. LBRA 


Branch always 


BRN. LBRN 


Branch never 



Table 8 Miscellaneous Instructions 



Mnemonic(s) 


Operation 


ANDCC 


AND condition code register 


CWAI 


AND condition code register, then wait for interrupt 


NOP 


No operation 


ORCC 


OR condition code register 


JMP 


Jump 


JSR 


Jump to subroutine 


RTI 


Return from interrupt 


RTS 


Return from subroutine 


SWI, SWI2, SWI3 


Software interrupt (absolute indirect) 


SYNC 


Synchronize with interrupt line 
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Table 9. HD6309E Instruction Set Table 



INSTRUCTIONS/ 
FORMS 


I M P 
ACCM REG 


DIRECT 


EXTND 


IMMED 


INDEX0 


RELATIVE 


OP 






OP 






OP 






OP 


- 




OP 






OP 




at 


ABX 




3A 


3 


1 
































ADC 


ADCA 








9 9 


4 


2 


B 9 


5 


3 


8 9 


2 


2 


A 9 


4 + 


2 + 










ADCB 








D9 


4 


2 


F9 


5 


3 


C9 


2 


2 


E9 


4 + 


2 + 








ADD 


ADDA 








9B 


4 


2 


BB 


5 


3 


8B 


2 


2 


AB 


4 + 


2 + 


















DB 


4 


2 


F B 


5 


3 


CB 


2 


2 


EB 


4 + 


2 + 










ADDD 








D 3 


6 


2 


F 3 


7 


3 


C 3 


4 


3 


E 3 


6 + 


2 + 








AND 


ANDA 








9 4 


4 


2 


84 


5 


3 


8 4 


2 


2 


A4 


4 + 


2 + 










ANDB 








D4 


4 


2 


F4 


5 


3 


C4 


2 


2 


E4 


4 + 


2 + 










ANDCC 




















1 C 


3 


2 














ASL 


ASLA 


4 8 


2 


1 


































ASLB 


5 8 


2 


1 


































ASL 








8 


6 


2 


7 8 


7 


3 








6 8 


6 + 


2 + 








ASR 


ASRA 


4 7 


2 


1 


































ASRB 


5 7 


2 


1 


































ASR 








7 


6 


2 


7 7 


7 


3 








6 7 


6 + 


2 •+ 








BCC 


BCC 
































2 4 


3 


2 




LBCC 
































1 


5(6) 


4 




































2 4 






BCS 


BCS 
































2 5 


3 


2 




LBCS 
































1 


5(6) 


4 




































2 5 






BEQ 


BEQ 
































2 7 


3 


2 




LBEQ 
































1 


5(6) 


4 




































2 7 






BGE 


BGE 
































2C 


3 


2 




LBGE 
































1 


5(6) 


4 




































2 C 






BGT 


BGT 
































2 E 


3 


2 




LBGT 
































1 


5(6) 


4 




































2 E 






BHI 


BHI 
































2 2 


3 


2 




LBHl 
































1 


5(6) 


4 




































2 2 








BHS 
































2 4 


3 


2 




LBHS 
































1 


5(6) 


4 




































2 4 






BIT 


BITA 








9 5 


4 


2 


B 5 


5 


3 


8 5 


2 


2 


A 5 


4 + 


2 + 










BITB 








05 


4 


2 


F 5 


5 


3 


C 5 


2 


2 


E 5 


4 + 


2 + 








BLE 


BLE 
































2 F 


3 


2 




LBLE 
































1 


5(6) 


4 




































2 F 






BLO 


BLO 
































2 5 


3 


2 




LBLO 
































1 


5(6) 


4 




































2 5 






BLS 


BLS 
































2 3 


3 


2 




LBLS 
































1 


5(6) 


4 




































2 3 






BLT 


BLT 
































2D 


3 


2 




LBLT 
































1 


5(6) 


4 




































20 






BM! 


BM! 
































2B 


3 


2 




LBMI 
































1 


5(6) 


4 




































2B 







DESCRIPTION 



B + X-X 

(UNSIGNED) 
A+M+C-A 
B+M+C-B 
A+M-A 
B + M^B 
D+MM+ 1 -D 
AAM-A 
BAM-*B 
CCAIMM^CC 



[KTffTTTTV-o 



C b. 



b, bo C 



Branch C = 
Long Branch 

C = 



Branch C = 1 
Long Branch 

C= 1 
Branch Z = 1 
Long Branch 

Z= 1 

Branch N®V = 
Long Branch 
N®V= 
Branch ZV(N®V)=0 
Long Branch 

ZV(N®V)= 
Branch Cv Z = 
Long Branch 

Cvz = o 

Branch C = 

Long Branch 

C = 
Bit Test A (MA A ) 
Bit Test B (MAB ) 
Branch ZV(N®V)=1 
Long Branch 

ZV(N®V )= 1 
Branch C = 1 
Long Branch 
C= 1 

Branch Cv Z = 1 

Long Branch 

CVZ = 1 
Branch N®V = 1 
Long Branch 

N®V= 1 
Branch N -= 1 
Long Branch 

N= 1 



(Continued) 
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INSTRUCTIONS/ 
FORMS 


1 Mi> 

ACCM KK(. 


DIRECT 


EXTND 


IMMED 


INDEX® 


RELATIVE 


P 






P 






P 






P 






P 






P 


~(D 




BNK 


BNE 
































2 6 


3 


2 




LBNK 
































1 


516) 


4 




































2 6 






BI'L 


BI'L 
































2 A 


3 


2 




LBI'L 
































1 


5(6) 


4 




































2 A 






KKA 


BKA 
































2 


3 


2 




LBKA 
































1 6 


5 


3 


HKN 


HKN 
































2 1 


3 


2 




LBKN 
































1 


5 


4 




































2 1 






BSK 


BSK 
































8D 


7 


2 




LBSK 
































1 7 


9 


3 


BVC 


BVC 
































2 8 


3 


2 




LBVC 
































1 


516) 


4 




































2 8 






BVS 


BVS 
































2 9 


3 


2 




LBVS 
































1 


5(6) 


4 




































2 9 






CLK 


CLKA 


4F 


2 


1 


































CLRB 


5F 


2 


1 


































CLK 








OF 


6 


2 


7 F 


7 


3 








6F 


6 + 


2 + 








CMP 


CMPA 








9 1 


4 


2 


B 1 


5 


3 


8 1 


2 


2 


A 1 


4 + 


2 + 










CMPB 








D 1 


4 


2 


F 1 


5 


3 


C 1 


2 


2 


E 1 


4 + 


2 + 










CMPD 








1 


7 


3 


1 


8 


4 


1 


5 


4 


1 


7 + 


3 + 


















93 






B3 






8 3 






A3 














CMI»S 








1 1 


7 


3 


1 1 


8 


4 


1 1 


5 


4 


1 1 


7 


3 + 


















9C 






HC 






8C 






AC 














CMPU 








1 1 


' 


3 


1 1 


8 


4 


1 1 


5 


4 


! 1 


7 + 


3 + 


















9 3 






B 3 






8 3 






A 3 














CMPX 








9C 


6 


2 


BC 


7 


3 


8C 


4 


3 


AC 


6 + 


2 + 










CMPY 








1 


7 


3 


1 


8 


4 


1 


5 


4 


1 


7 + 


3 + 


















9C 






BC 






8C 






AC 












COM 


COMA 


4 3 


2 


1 


































COMB 


5 3 


2 


1 


































COM 








3 


6 


2 


7 3 


7 


3 








6 3 


6 + 


2 + 








CWAI 






















3C 


^20 


2 














DAA 




1 9 


2 


1 
































DEC 


DECA 


4 A 


2 


1 


































DECB 


5A 


2 


1 


































DEC 








OA 


6 


2 


7 A 


7 


3 








6A 


6 + 


2 + 








EOK 


EORA 








98 


4 


2 


B8 


5 


3 


8 8 


2 


2 


A8 


4 + 


2 + 










EORB 








D8 


4 


2 


F8 


5 


3 


C8 


2 


2 


E8 


4 + 


2 + 








EXG 


Rl. R2 


1 E 


8 


2 
































INC 


INC A 


4C 


2 


1 


































INCB 


5C 


2 


1 


































INC 








OC 


6 


2 


7C 




3 








6C 


6 + 


2 + 








JMP 










OE 


3 


2 


7E 


4 


3 








6E 


3 + 


2 + 








JSR 










90 




2 


BD 


8 


3 








AD 


7 + 


2 + 









DESCRIPTION 



Branch Z ^- 
Long Branch 

Z - 
Branch N ^ 
Long Branch 

N = 
Branch Always 
Long Branch Always 
Branch Never 
Long Branch Never 



Branch to 

Subroutine 
Long Branch to 

Subroutine 
Branch V = 
Long Branch 

V= 
Branch V = 1 
Long Branch 

V= 1 
0-*A 
0-B 
0-M 

Compare M from A 
Compare M from B 
Compare M M -f 1 

from D 
Compare M M + 1 

from S 
Compare M M + 1 

from U 
Compare M M 4 1 

from X 
Compare M M + 1 

from Y 
A-A 
B-B 
M—M 

CC A IMM-CC 

Wait for Interrupt 

Decimal Adjust A 

A - 1 -*A 

B- 1 -B 

M- 1 -M 

A0M-*A 

B0M-B 

R1*^R2(D 

A + 1 -A 

B+ 1 -B 

M+ 1 -M 

EA®-PC 

Jump to Subroutine 



(Continued) 
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INSTRUCTIONS/ 
FORMS 


I M F 
ACCM REt. 


DIRECT 


EXTND 


IMMED 


INDEX® 


RELATIVE 


OP 






OP 






OP 


~ 




OP 




# 


OP 


~- 


« 


OP 




t 


LD 


LDA 








9 6 


4 


2 


86 


5 


3 


8 6 


2 


2 


A6 


4 + 


2 + 










LDB 








D6 


4 


2 


F 6 


5 


3 


C 6 


2 


2 


E 6 


4 + 


2 + 










LDD 








DC 


5 


2 


FC 


6 


3 


CC 


3 


3 


EC 


5 + 


2 + 










LDS 








1 


6 


3 


1 


7 


4 


1 


4 


4 


1 


6 + 


3 + 


















DE 






FE 






CE 






EE 














LDU 








DE 


5 


2 


FE 


6 


3 


CE 


3 


3 


EE 


5 ^ 


2 + 










LDX 








9 E 


5 


2 


BE 


6 


3 


8 E 


3 


3 


AE 


5 + 


2 + 










LDY 








1 


6 


3 


1 


7 


4 


1 


4 


4 


1 


6 + 


3 + 


















9E 






BE 






8E 






AE 












LEA 


LEAS 


























3 2 


4 + 


2 + 










LEAU 


























3 3 


4 + 


2 + 










LEAX 


























3 


4 + 


2 + 










LEAY 


























3 1 


4 f 


2 + 








LSL 


LSLA 


4 8 


2 




































LSLB 


5 8 


2 




































LSL 








8 


6 


2 


7 8 


7 


3 








6 8 


6 + 


2 + 








LSR 


LSRA 


4 4 


2 




































LSRB 


5 4 


2 




































LSR 








4 


6 


2 


7 4 


7 


3 








6 4 


6 + 


2 + 








MUL 




3 D 


1 1 


































NEG 


NEGA 


4 


2 




































NEGB 


5 


2 


! 


































NEG 











6 


2 


7 


7 


3 








6 


6 ^ 


2 + 








NOP 




1 2 


2 


































OR 


ORA 








9A 


4 


2 


BA 


5 


3 


8A 


2 


2 


AA 


4 + 


2 + 










ORB 








DA 


4 


2 


FA 


5 


3 


CA 


2 


2 


EA 


4 + 


2 + 










ORCC 




















1 A 


3 


2 














PSH 


PSHS 


3 4 




2 


































PSHU 


3 6 




2 
































PUL 


PULS 


3 5 




2 


































PULU 


3 7 




2 
































ROL 


ROLA 


4 9 


2 


, 


































ROLB 


59 


2 




































ROL 








9 


6 


2 


7 9 


7 


3 








6 9 


6 + 


2 + 








ROR 


RORA 


4 6 


2 




































RORB 


5 6 


2 




































ROR 








6 


6 


2 


7 6 


7 


3 








66 


6 + 


2 + 








RTI 




3B 


6/15 


































RTS 




3 9 


5 


































SBC 


SBCA 








9 2 


4 


2 


B2 


5 


3 


8 2 


2 


2 


A2 


4 + 


2 + 










SBCB 








D2 


4 


2 


F2 


5 


3 


C2 


2 


2 


E2 


4 + 


2 + 








SEX 




1 D 


2 


1 

































DESCRIPTION 



M-*A 
M-B 

M M+ 1 -^D 
M M+ 1 -S 

M M+ 1 -^U 
M M+ 1 -*X 
M M + 1 -»Y 

EA(S)-S 
EA(3)--U 
EA®-X 



fjCHMDIho 

bo 



o-OmillH] 

br bo C 

Ax B-»D 

(Unsigned) 
A f 1 -A 
B + 1 ->B 
M + 1 -*M 
No Operation 
AvM-A 
BvM-B 
CCV IMM-CC 
Push Registers on 

S Stack 
Push Registers on 

U Stack 
Pull Registers 

from S Stack 
Pull Registers 
from U Stack 

iCMTTTrnnJ 

C b. ^ bo 

U04TTTTnn-J 

C br ».bo 

Return from 
Interrupt 
Return from 

Subroutine 
A-M-C-A 
B-M-C-B 
Sign Extend B mto A 
j B^h- / h 7 = 1 FF-.A 
1 B<7)t' / h 7 = O-'A 



(Continued) 
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HD6809E, HD68A09E, HD68B09E 



INSTRUCTIONS/ 
FORMS 



ACCM REG 



INDEX® 



OP ~(5) « 



DESCRIPTION 



TFR 

TST 



STA 
STB 
STD 
STS 

STU 
STX 
STY 



SUBA 
SUBB 
SUBD 
SWI® 
SWI2(S) 

SWI3® 



Rl. R2 
TSTA 
TSTB 
TST 



A-*M 
B-M 

D-M M+ 1 
S-MM+ 1 

U-MM f 1 
X-MM+ 1 
Y-*MM+ 1 



A -M-A 



D-MM+ 1 -*D 
Software interrupt 1 
Software interrupt 2 

Software interrupt 3 

Synchronize to 

interrupt 
Rl -* R2® 
Test A 
Test B 
Test M 



(NOTES) 

This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
(D Rl and R2 may be any pair of 8 bit or any pair of 16 bit registers. 

The 8 bit registers are: A. B, CC, DP 

The 16 bit registers are: X, Y, U, S, D, PC 
(D EA is the effective address. 

(g) The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 

® 5(6) means: 5 cycles if branch not taken. 6 cycles if taken. 

(§) SWI sets 1 and F bits. SWI2 and SWI3 do not affect I and F. 

® Conditions Codes set as a direct result of the instruction. 

(D Value of half -carry flag is undefined. 

(D Special Case - Carry set if b7 is SET. 

% Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 
LEGEND: 

OP Operation Code (Hexadecimal) Z Zero (byte) 

Number of MPU Cycles V Overflow. 2's conH>lement 

# Number of Program Bytes C Carry from bit 7 

+ Arithmetic Plus t Test and set if true, cleared otherwise 

- Arithmetic Minus • Not Affected 

X Multiply CC Condition Code Register 

Complenwnt of M Concatenation 

Transfer Into V Logical or 

H Half -carry (from bit 3) A Logical and 

N Negative (sign bit) @ Logk:al Exckisive or 
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HD6809E, HD68A09E, HD68B09E 

Table 10 Hexadecimal Values of Machine Codes 



OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


OP 


Mnem 


Mode 




# 


00 


NEG 


Direct 


6 


2 


30 


LEAX 


Indexed 


4+ 


2+ 


60 


NEG 


Indexed 


6+ 


2+ 


01 












31 


LEAY 






4+ 


2+ 


61 


• 










02 












32 


LEAS 


\ 


t 


4+ 


2+ 


62 


* 










03 


COM 






6 


2 


33 


LEAU 


indexed 


4+ 


2+ 


63 


COM 






6+ 


2+ 


04 


LSR 






6 


2 


34 


PSHS 


Implied 


5+ 


2 


64 


LSR 






6+ 


2+ 


05 












35 


PULS 






5+ 


2 


65 












06 


ROR 






6 


2 


36 


PSHU 






5+ 


2 


66 


ROR 






6+ 


2+ 


07 


ASR 






6 


2 


37 


PULU 






5+ 


2 


67 


ASR 






6+ 


2+ 


08 


ASL, LSL 






6 


2 


38 












68 


ASL. LSL 






6+ 


2+ 


09 


ROL 






6 


2 


39 


RTS 






5 


1 


69 


ROL 






6+ 


2+ 


OA 


DEC 






6 


2 


3A 


ABX 






3 


1 


6A 


DEC 






6+ 


2+ 


OB 












3B 


RTI 


Implied 


6. 15 




6B 


* 










OC 


INC 






6 


2 


3C 


CWAI 


Immed 


^20 




6C 


INC 






6+ 


2+ 


OD 


TST 






6 


2 


3D 


MUL 


Implied 


11 




6D 


TST 






6+ 


2+ 


OE 


J MP 






3 


2 


3E 












6E 


JMP 






3+ 


2+ 


OF 


CLR 


Direct 


6 


2 


3F 


SWI 


implied 


19 




6F 


CLR 


lnd( 


•xed 


6+ 


2+ 


10 


) See 






~ 


~ 


40 


NEGA 


Implied 


2 




70 


NEG 


Extended 


7 


3 


1 1 


/ Next Page 








_ 


41 




i 








71 




i 


i 






12 


NOP 


Implied 


2 


1 


42 












72 












13 


SYNC 


Implied 


^4 


1 


43 


COMA 






2 




73 


COM 






7 


3 


14 












44 


LSR A 






2 




74 


LSR 






7 


3 


15 












45 












75 












16 


LBRA 


Relative 


5 


3 


46 


RORA 






2 




76 


ROR 






7 


3 


17 


LBSR 


Relative 


9 


3 


47 


ASRA 






2 


1 


77 


ASR 






7 


3 


18 












48 


AS LA, LSL A 






2 




78 


ASL, LSL 




7 


3 


19 


DAA 


Implied 


2 


1 


49 


ROLA 






2 




79 


ROL 






7 


3 


1 A 


ORCC 


Immed 


3 


2 


4A 


DECA 






2 




7A 


DEC 






7 


3 


IB 


* 










4B 












7B 












1C 


ANDCC 


Immed 


3 


2 


4C 


INCA 






2 




7C 


INC 






7 


3 


ID 


SEX 


implied 


2 


1 


4D 


TSTA 






2 




7D 


TST 






7 


3 


IE 


EXG 






8 


2 


4E 


* 










7E 


JMP 




f 


4 


3 


IF 


TFR 


Implied 


6 


2 


4F 


CLRA 


Implied 


2 




7F 


CLR 


Ext 


ended 


7 


3 


20 


BRA 


Relative 


3 


2 


50 


NEGB 


Implied 


2 




80 


SUBA 


Immed 


2 


2 


21 


BRN 






3 


2 


51 












81 


CMPA 






2 


2 


22 


BHI 






3 


2 


52 


* 










82 


SBCA 






2 


2 


23 


BLS 






3 


2 


53 


COMB 






2 


1 


83 


SUBD 






4 


3 


24 


BHS, BCC 






3 


2 


54 


LSRB 






2 




84 


AN DA 






2 


2 


25 


BLO, BCS 






3 


2 


55 












85 


BITA 






2 


2 


26 


BNE 






3 


2 


56 


RORB 






2 




86 


LDA 






2 


2 


27 


BEQ 






3 


2 


57 


ASRB 






2 




87 












28 


BVC 






3 


2 


58 


ASLB, LSLB 






2 




88 


EORA 






2 


2 


29 


BVS 






3 


2 


59 


ROLB 






2 




89 


ADCA 






2 


2 


2A 


BPL 






3 


2 


5A 


DECB 






2 




8A 


ORA 






2 


2 


2B 


BMI 






3 


2 


5B 












8B 


ADDA 






2 


2 


2C 


BGE 






3 


2 


5C 


INCB 






2 




8C 


CMPX 


Imn 


ied 


4 


3 


2D 


BLT 






3 


2 


5D 


TSTB 






2 




8D 


BSR 


Relative 


7 


2 


2E 


BGT 






3 


2 


5E 












8E 


LDX 


Immed 


3 


3 


2F 


BLE 


Relative 


3 


2 


5F 


CLRB 


Implied 


2 


1 


8F 













LEGEND: (to be continued) 

~ Number of MPU cycles (less possible push pull or indexed-mode cycles} 

# Number of program bytes 

* Denotes unused opcode 
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OP 


M 

nem 


Mode 






OP 




Mode 




# 


OP 


Mnem 


Mode 




# 


90 


SUBA 


Oirect 


4 


2 


C6 


LOB 


Immed 


2 


2 


FC 


LOD 


Extended 


6 


3 


91 


CMPA 






4 


2 


C7 


• 


i 


i 






FO 


STO 






6 


3 


92 


SBCA 






4 


2 


C8 


EORB 






2 


2 


FE 


LOU 


: 


: 


6 


3 


93 


SUBD 






6 


2 


C9 


AOCB 






2 


2 


FF 


STU 


Extended 


6 


3 


94 


AN OA 






4 


2 


CA 


ORB 






2 


2 














95 


81 TA 






4 


2 


CB 


AOOB 






2 


2 














96 


LOA 






4 


2 


CC 


LOO 






3 


3 




2 Bytes Opcode 






97 


STA 






4 


2 


CO 


• 






















98 


EORA 






4 


2 


CE 


LOU 


Immed 


3 


3 


1021 


LBRN 


Relative 


5 


4 


99 


AOCA 






4 


2 


CF 


• 










1022 


LBHI 






5(6) 


4 


9A 


ORA 






4 


2 














1023 


LBLS 






5(6) 


4 


9B 


AOOA 






4 


2 


00 


SUBB 


Oirect 


4 


2 


1024 


LBHS. LBCC 




5(6) 


4 


9C 


CMPX 






6 


2 


01 


CMPB 


i 


i 


4 


2 


1025 


LBCS, LBLO 




5(6) 


4 


90 


JSR 






7 


2 


02 


SBCB 






4 


2 


1026 


LBNE 






5(6) 


4 


9E 


LOX 






5 


2 


03 


AOOO 








2 


1027 


LBEQ 






5(6) 


4 


9F 


STX 


Oirect 


5 


2 


04 


ANOB 






4 


2 


1028 


LBVC 






5(6) 


4 














05 


BITB 






4 


2 


1029 


LBVS 






5(6) 


4 


AO 


SUBA 


Indexed 


4+ 


2+ 


06 


LOB 






4 


2 


102A 


LBPL 






5(6) 


4 


A1 


CMPA 






4+ 


2+ 


07 


STB 






4 


2 


1028 


LBMI 






5(6) 


4 


A2 


SBCA 






4+ 


2+ 


08 


EORB 






4 


2 


102C 


LBGE 






5(6) 


4 


A3 


SUBO 






6+ 


2+ 


09 


AOCB 






4 


2 


1020 


LBLT 






5(6) 


4 


A4 


AN OA 






4+ 


2+ 


OA 


ORB 






4 


2 


102E 


LBGT 






5(6) 


4 


A5 


BITA 






4+ 


2+ 


08 


AOOB 






4 


2 


102F 


LBLE 


Relative 


5(6) 


4 


A6 


LOA 






4+ 


2+ 


DC 


LOO 






5 


2 


103F 


SWI2 


Implied 


20 


2 


A7 


STA 






4+ 


2+ 


DO 


STO 






5 


2 


1083 


CMPO 


Immed 


5 


4 


A8 


EORA 






4+ 


2+ 


OE 


LOU 




f 


5 


2 


108C 


CMPY 




. 


5 


4 


A9 


AOCA 






4+ 


2+ 


OF 


STU 


Oirect 


5 


2 


108E 


LOY 


Immed 


4 


4 


AA 


ORA 






4+ 


2+ 














1093 


CMPO 


Oirect 


7 


3 


AB 


AOOA 






4+ 


2+ 


EO 


SUBB 


Indexed 


4+ 


2+ 


109C 


CMPY 




i 


7 


3 


AC 


CMPX 






6+ 


2+ 


El 


CMPB 






4+ 


2+ 


109E 


LOY 


; 




6 


3 


AD 


JSR 






7+ 


2+ 


E2 


SBCB 






4+ 


2+ 


109F 


STY 


Oirect 


6 


3 


AE 


LOX 






5+ 


2+ 


E3 


AOOO 






6+ 


2+ 


10A3 


CMPO 


Indexed 


7+ 


3+ 


AF 


STX 


Indexed 


5+ 


2+ 


E4 


ANOB 






4+ 


2+ 


10AC CMPY 




i 


7+ 


3+ 














E5 


BITB 






4+ 


2+ 


10AE 


LOY 


; 




6+ 


3+ 


80 


SUBA 


Ex 


ended 


5 


3 


E6 


LOB 






4+ 


2+ 


10AF 


STY 


Indexed 


6+ 


3+ 


81 


CMPA 






5 


3 


E7 


STB 






4+ 


2+ 


1083 


CMPO 


ExterKled 


8 


4 


82 


SBCA 






5 


3 


E8 


EORB 






4+ 


2+ 


108C 


CMPY 




i 


8 


4 


83 


SUBO 






7 


3 


E9 


AOCB 






4+ 


2+ 


10BE 


LOY 


; 




7 


4 


84 


ANOA 






5 


3 


EA 


ORB 






4+ 


2+ 


108F 


STY 


Extended 


7 


4 


85 


BITA 






5 


3 


EB 


AOOB 






4+ 


2+ 


10CE 


LOS 


Immed 


4 


4 


86 


LOA 






5 


3 


EC 


LOO 






5+ 


2+ 


10OE 


LOS 


Oirect 


6 


3 


87 


STA 






5 


3 


EO 


STO 






5+ 


2+ 


10DF STS 


Oirect 


6 


3 


88 


EORA 






5 


3 


EE 


LOU 






5+ 


2+ 


10EE 


LOS 


Indexed 


6+ 


3+ 


89 


AOCA 






5 


3 


EF 


STU 


Ind 


Bxed 


5+ 


2+ 


10EF 


STS 


Indexed 


6+ 


3+ 


8A 


ORA 






5 


3 














10FE 


LOS 


Extended 


7 


4 


88 


AOOA 






5 


3 


FO 


SUBB 


Extended 


5 


3 


10FF 


STS 


ExterKied 


7 


4 


8C 


CMPX 






7 


3 


F1 


CMPB 






5 


3 


113F 


SWI3 


Implied 


20 


2 


80 


JSR 






8 


3 


F2 


SBCB 






5 


3 


1183 


CMPU 


Immed 


5 


4 


BE 


LOX 






6 


3 


F3 


ADOD 






7 


3 


118C 


CMPS 


Immed 


5 


4 


BP 


STX 


Extended 


6 


3 


F4 


ANOB 






5 


3 


1193 


CMPU 


Oirect 


7 


3 














F5 


BITB 






5 


3 


119C 


CMPS 


Oirect 


7 


3 


CO 


SUBB 


innmed 


2 


2 


F6 


LOB 






5 


3 


11 A3 CMPU 


Indexed 


7+ 


3+ 


CI 


CMPB 






2 


2 


F7 


STB 






5 


3 


11 AC CMPS 


Indexed 


7+ 


3+ 


C2 


SBCB 






2 


2 


F8 


EORB 






5 


3 


1183 


CMPU 


Extended 


8 


4 


C3 


AOOO 






4 


3 


F9 


AOCB 






5 


3 


11BC CMPS 


Extended 


8 


4 


04 


ANOB 




r 


2 


2 


FA 


ORB 






5 


3 














C5 


BITB 


Imi 


Tied 


2 


2 


FB 


AOOB 


Extended 


5 


3 















(NOTE) : All unused opcodes are both undefined and illegal 
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■ NOTE FOR USE 

Execution Sequence of CLR Instruction 

Cyck-by-cycle flow of CLR instruction (Direct, Extended, 
Indexed Addressing Mode) is shown below. In this sequence 
the content of the memory location specified by the operand 
is read before writing **00" into it. Note that status Flags, such 
as IRQ Flag, will be cleared by this extra data read operation 
when accessing the control/status register (sharing the same 
address between read and write) of peripheral devices. 



Example: CtR (Extended) 



$8000 


CLR 


$A000 






$A000 


FCB 


$80 






Cycle # 


Address 


Data 


R/W 


Description 


1 


8000 


7F 


1 


Opcode Fetch 


2 


8001 


AO 


1 


C^erand Address, 










High Byte 


3 


8002 


00 


1 


Operand Address, 










Low Byte 


4 


FFFF 


♦ 


1 


VMA Cycle 


5 


AOOO 


80 


1 


Read the Data 


6 


FFFF 


* 


1 


VMA Cycle 


7 


AOOO 


00 





Store Fixed 'XX)" 










into Specified 










Location 



* The data bus has the data at that particular address. 
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8/16-BIT MICROPROCESSOR DATA BOOK 



Section Three 



HD64180 8-Bit 

Microprocessor Family 



HITACHI 



HD64180R/Z 

8-BIT CMOS (Micro Processing Unit) 



Based on a microcoded execution unit and advanced CMOS manufac- 
turing technology, the HD64180 is an 8-bit MPU which provides the 
benefits of high performance, reduced system cost and low power oper- 
ation while maintaining compatibility with the large base of industry 
standard 8-bit software 

Performance is improved by virtue of high operating frequency, pipe- 
lining, enhanced instruction set and an integrated Memory Management 
Unit (MMU) with IM or 512k bytes memory physical addiess space 

System cost is reduced by incorporating key system functions on-chip 
including the MMU, two channel refresh, two channel Asynchronous 
Serial Communication Interface (ASCI), Clocked Serial I/O Port 
(CSI/O), two channel 16-bit Programmable Reload Timer (PRT), Ver- 
satile 12 source interrupt controller and a 'dual' (68 X X , 80 X X) bus 
interface. 

Low power consumption duiing normal CPU operation is supple- 
mented by two specific software controlled low power operation modes. 

The HD64180, when combined with CMOS VLSI memories and 
peripherals, is useful m system applications requiring high perform- 
ance, battery power operation and standard software compatibility. 

The HD64180Z is fully compatible with Z80180 (Z180) which is 
marketed by Zilog Inc 

■ Software Features 

• Enhanced standard 8-bit software architecture* 
Upward compatible with CP/M-SO® 

■ Hardware Features 

• On-chip MMU supporting 1 M byte memory (Provided 512K byte 
for DP-64S. 

• Two channel DMAC with memory-memory, memory-l/0 and 
memory-memory mapped I/O transfer capabilities 

• Two channel, full duplex asynchronous serial communication 
interface (ASC) with programmable baud rate generator and 
modem control handshake signals 

• One channel clocked serial I/O port with senal/parallel shift 
register 

• Two channel 16-bit programmable reload timer for output wave- 
form generation 

• Four external and eight internal interrupts 

• Dual bus interface compatible with Motorola 68 family and with 
Intel 80 family 

• On-chip clock generator 

• Operating Frequency up to 10 MHz 

• Low power dissipation: 50 mW at 4 MHz Operation (typ.) 

• R = Interface with 63/68, 80xx peripherals 

• Z = Interface with Z80 peripherals 




(DP-64S) 



HD64180RCP 
HD64180ZCP 




(CP-68) 



HD64180RF 
HD64180ZF 




(FP-80B) 
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Pin Function Differences in the HD64180 Series 



Package * 
Type 


Pin 
No. 


HD64180R1 


HD64180Z 


CP-68 


18 


Vss 


Vss 


35 






52 


NC 


TEST 


FP-80B 


12 


Vss 


Vss 


33 






53 


NC 


TEST 



*''J" after package designation indicates industrial temperature parts. 



HD64180R 



Part No. 


Clock Frequency 
(MHz) 


Package 
Type 


Address 
Space 


HD64180RP-6 


6 






HD64180RP-8 


8 


DP-64S 


512 K Byte 


HD64180RP-10 


10 






HD64180RF-6X 


6 






HD64180RF-8X 


8 


FP-80 


1 M Byte 


HD64180RF-10X 


10 






HD64180RCP-6X 


6 






HD64180RCP-8X 


8 


CP-68 


1 M Byte 


HD64180RCP-10X 


10 


HD64180Z 


Part No. 


Clock Frequency 
(MHz) 


Package 
Type 


Address 
Space 


HD64180ZP-6 


6 






HD64180ZP-8 


8 


DP-64S 


512 K Byte 


HD64180ZP-10 


10 






HD64180ZF-6X 


6 






HD64180ZF-8X 


8 


FP-80 


1 M Byte 


HD64180ZF-10X 


10 






HD64180ZCP-6X 


6 






HD64180ZCP-8X 


8 


CP-68 


1 M Byte 


HD64180ZCP-10X 


10 
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I PIN ASSIGNMENT 



• HD64180R 



O 


B 


XTAl. [J 


I3RD 


extalU 




WATT E 


01 DR 


BUSACK [5 


E 


1;USREQ E 




RESET E 




m\ E 




iNT^E 












ST E] 


HCKS 


Ao 


5^ RXS/CT?i 


Ai (H 


□txs 


Aj (2 


igcKAi/TENK 


As G2 


g RXAi 


A4 E 


73 TXAi 


As E2 


^ CKAo/DREQo 


Ae 


4| RXAo 


A7 |C 


HtXAo 


Ai E 




A* 




A»o 1^ 




An §4 


43 D7 


Augi 




Augi 


3|Ds 


A,4g7 


38jD4 


Atsge 


13 D3 


Aiegi 


|iD2 


Augc 


3^ Dt 


Aie/T0UT|3l 


^Oo 


Vcc 


13 Vss 



3 5 X a h . 



[8i[gi[ngimigimigii5]i^miii[»ifai[iii»i 



NMi [ 
Ncf 
NCl 

ST[ 
Ao[ 
All 
AaC 

A3[ 

V«s[ 

A4[ 

Ncf 
AsL 
A«[ 
AtF 

A«r 

A»i 

Aic 
An 
NC[ 
NC[ 

A12 



{DP-64S) 



(FP-80B) 



3PiEP 

£]NC 

•Dnc 
3CICS 

£] RXS/TO 

Htxs 

]3cKA,/TBH5^ 

«)NC 
«]TXA» 

Snc 

^CKAo/BRKb 

]!)RXAo 

3TXA0 

3^ 
«]RTS> 

43) NC 
4J)NC 

I3D6 



iNTTin 

stDj 

AoOi 
Ai [H 

A2 Di 
A3Q7 

VssOl 
A4 01 
AsgS 

A7 (22 
A»g3 
A«g4 
Aiog" 
AngS 



iliil.iiii.igliB^sg| 

HHRraHraRRFiiiiiaisnaiaisiiaii^ 



O 



apiapMiiiMiiiPJiMSJBiaie 



^ HALT 

HjoRKTi 

I3CKS 

IDrxs/cts^ 

IDtxs ^ 

54] CKA1/TEND0 
IUrxai 

52] NC 

UlTXA, 

igCKAo/5RE?£ 

^RXAo 

iDTXAo 

46) CT§^ 
m RTS^ 
44] D7 



0000 



NC: Not connected. 
Please leave the 
NC pins open. 



<CP-68) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 437 



HD64180R/Z 



PIN ASSIGNMENT 



V IT 











EXTAL [T 




6^ WR 


\a7aTt t a 




ED 






is! E 


oUdncU IP 






RESET |T| 






NMI E 




s7| Mtr 


INTo[T 






INTi 




55j TENDi 


1NT2 in 




sa fSttt/T, 

b4j| UntUi 


P 










Dit| n A / 1 ' 


' != 




□ ""■xs 


A2 p 




50| OKA 1 / 1 fclNUo 


A3 ll_6 






A4 




^ TXA 


As [TS 




47j CKAo/DREQo 


Ae ^ 




46} RXAo 






4^ TXAo 






24J UCDo 


A* ^ 




3 ctso 


Aio^ 






An §4 




43 D7 








Aoge 






A.gl 




Hi c« 






37] D3 


A.Bgs 






Ai7§0 




3^0. 


Ais/T0UT|31 




33 Do 


Vcc g2 




!3 Vss 




(DP-64S) 






(FP-80B) 



ST ID 

Ai Ql 

aj d 

Vs$(0 

A4 in 

AsgC 
A«g] 
A7(l2 

A.|4 

A.ogS 
An(26 



liil lie Jsg I 

HHRraR|qRRRl5llSllsll51iai3ll5IISl 



o 



23 


RalT 


m 










CKS 


ta 


RXS/CTS; 




TXS 




CKAi/TENi5i 




RXAi 


y^j 


TEST 


H 


TXAt 


e: 


CKAo/OREQo 




RXAo 


□a 


TXAo 








CTSo 






w 


D7 



yisllsllsllsiyHlsllsllsiyHfeJIDIsJIslls) 

<<<<<< g 



HJrsf 

m)nC 
HlNC 
ID HALT 

i3 RXS/CTf I 

3 TXS 

HJCKAi/TENDo 
3 RXAi 
]3]TEST 
hJTXAi 

Unc 

;D CKAo/DRlQi 

3 RXAo 

]!]TXAo 

£) DCD o 

iSjCTTo 

«]RT5» 

3O7 

o]NC 

ZDD. 



Piease leave the TEST 
pin open. 



(CP-68) 
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■ HD64180 BLOCK DIAGRAM 



X tu 



Hi \0 



Timing 
Generator 



Aib/TOUT- 



TXS^ 

RXS/CT^i- 
CKS' 



16-bit 
Programmable 
Reload Timers 
(2) 



c 



Clocked 
Serial I/O 
Port 



MMU 



Address 
Buffer 

Ao~ Ai8 



15 



Is IQ 



< 

li 



i Hi H 

ffi Ic CO 



n 



i5r 



11 li lili 



1 Ml 1 1 II 



Bus State Control 



Interrupt 



CPU 



7s 



Data 
Buffer 



Do~D7 



:> 



3 



:> 



DMACs 
(2) 



Asynchronous 
SCI 
(channel 0) 



Asynchronous 
SCI 
(channel 1) 



-DREQi 
►TENDi 



►TXAo 



CKAo/DREQo 

RXAo 
. RTS^ 
•CTS7 
-DCD^ 

-TXAi 



►CKAi/TENDo 
- RXAi 



Vcc 
Vss 



(Ao~ A19: HD64180R1, HD64180Z; FP-80, CP-68) 
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HD64180R/Z 


■ ABSOLUTE MAXIMUM RATINGS 


Item 


Symbol 




Value 




Unit 


Supply Voltage 


Vcc 




-0.3 ~ +7.0 




V 


Input Voltage 


Vin 




3.3 ~ Vcc + 0.3 


V 


Operating Temperature 


Topr 




-20- +75* 




°c 




-40 ~ +85** 






Storage Temperature 


Tstg 




-55- +150 






(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. If 
these conditions are exceeded, it could affect reliability of LSI 
* Standard Temp. 
** Industrial Temp. 


■ ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vcc=5V±10%, Vss=OV, ta=-20-^ 
Ta=-40- +85°C, unless otherwise noted.) 


+75°C, Industrial Temp 




Item 


Symbol Condition 


min. 


typ. 


max. 


unii 


Input "H" Voltage 
RESET EXTAL, NMI 


" ini 


Vrr-0.6 


- Vcc + 0.3 


V 


Input "H" Voltage 

Except ncotl, CAiAL, NMI 


V|H2 


2.0 


— Vcc + 0.3 


V 


Input L voltage 
RESET EXTAL, NMI 


V1LI 


-0.3 




0.6 


V 


Input "L" Voltage 

Except RESET EXTAL, NMI 


V|L2 


-0.3 




0.8 


V 


Output "H" Voltage 


loH = -200uA 


2.4 






V 


All Outputs 


^ IOH = -20/.A 


Vcc-1.2 






Output "L" Voltage 
All Outputs 


Vol Iol = 2.2mA 






0.45 


V 


Input Leakage 
Current All Inputs 
Except XTAL, EXTAL 


llL Vin = 0.5~Vcc-0.5 






1.0 




Three State Leakage 
Current 


Itl V,n = 0.5^Vcc-0.5 






1.0 


fxk 


Power Dissipation 


Ice* f = 4MHz 




10 


20 




(Normal Operation) 


f=6MHz 




15 


30 






f = 8HMz 




20 


40 






f= 10MHz 




25 


50 


mA 


Power Dissipation 


f=4HMz 




2.5 


5.0 


(SYSTEM STOP mode) 


f=6MHz 




3.3 


75 






f = 8HMz 




5.0 


10.0 






f= 10MHz 




6.3 


12.5 




Pin Capacitance 


Cp Vin = 0V,f=1HMz 
Ta = 25°C 






12 


PF 


*V|H min. = Vcc-10V, V|l max. 


= 0.8V (all output terminal are at no load) 
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• DC CHARACTERISTICS (Vcc=5V±I0%, Vss=OV, ta=-20-^ +75°C, Industrial Temp 
Ta=-40- +85°C, unless otherwise noted.) 



Item 


Symbol 


HD64180R/Z-4 


HD64180R/Z'6 


HD64180R/Z-8 


HD64180R/Z-10 


unit 


min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


Clock Cycle Time 


^cyc 


250 


2000 


162 


2000 


125 


2000 


100 


2000 


ns 


Clock "H" Pulse Width 


tCHW 


110 




65 




50 




40 




ns 


Clock "L" Pulse Width 


tCLW 


110 




65 




50 




40 




ns 


Clock Fall Time 


tcf 




15 




15 




15 




10 


ns 


Clock Rise Time 


tcr 




15 




15 




15 




10 


ns 


Address Delay Time 


tAD 




110 




90 




80 




70 


ns 


Address Set-up Time 
(MEorlQEi) 


tAS 


50 




30 




20 






70 


ns 


ME Delay Time 1 


tMED1 




85 




60 




45 


10 




ns 


I0C = 1 


tRDDI 




85 




60 




45 




50 


ns 


RD Delay Time 1 

IOC = 


85 




65 




60 




55 


Or Delay Time 1 


tLDI 




100 




80 




70* 




60 


ns 


Address Hold Time 1 
(ME, IQE, RDorWRT) 


tAH 


80 




35 




20 




10 




ns 


ME Delay Time 2 


tMED2 




85 




60 




45 




50 


ns 


RD Delay Time 2 


tRDD2 




85 




60 




45 




50 


ns 


LIR Delay Time 2 


tLD2 




100 




80 




70* 




60 


ns 


Data Read Set-up Time 


toRS 


50 




40 




30 




25 




ns 


Data Read Hold Time 


tDRH 






















ns 


ST Delay Time 1 


tS7D1 




110 




90 




70 




60 


ns 


ST Delay Time 2 


tSTD2 




110 




90 




70 




60 


ns 


WAIT Set-up Time 


tws 


80 




40 




40 




30 




ns 


Wm Hold Time 


tWH 


70 




40 




40 




30 




ns 


Write Data Floating 
Delay Time 


tvA/n"? 
•■VVuZ 




100 




95 




70 




60 


ns 


WR Delay Time 1 


tWRD1 




90 




65 




60 




50 


ns 


Write Data Delay Time 


tWDD 




110 




90 




80 




60 


ns 


Write Data Set-up Time 
(WR4) 


twos 


60 




40 




20 




15 




ns 


WR Delay Time 2 


tWRD2 




90 




80 




60 




50 


ns 


WR Pulse Width 


tWRP 


280 




170 




130 




110 




ns 



*For a loading capacitance of less than or equal to 40 picofarads and operating temperature from to 50 degrees, subtract 10 
nanoseconds from the value given in the maximum columns. 
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HD64180R/Z-4 


HD64180R/Z-6 


HD64180R/Z-8 


HD64180R/Z-10 




Item 


Symbol 


min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


unit 


Write Data Hold Time 

/WWR t \ 

^vvn 1 ) 


tWDH 


60 




40 




15 




10 




ns 


lOE Delay Time 1 


tlODI 




85 




60 




45 




50 


ns 








85 




65 




60 




55 


ns 


lOE Delay Time 2 


t|0D2 




85 




60 




45 




50 


ns 


lOE Delay Time 2 

mi) 


t|0D3 


540 




340 




250 




200 




ns 


INT Set-up Time 


tiNTS 


80 




40 




40 




30 




ns 


TnT Hold Time 

((f>i) 


tiNTH 


70 




40 




40 




30 




ns 


NMI Pulse Width 


tNMIW 


120 




120 




100 




80 




ns 


BUSREQ Set-up Time 


tens 


80 




40 




40 




30 




ns 


BUSREQ Hold Time 


*BRH 


70 




40 




40 




'^0 
ou 




ns 


BUSACK Delay Time 1 


^BADI 












70 




fiO 
ou 


ns 


BUSACK Delav Time 2 


tBAD2 




100 








70 




fiO 
ou 


ns 


Bus Floating Delay Time 


^BZD 












QO 




70 
/ u 


ns 


ME Pulse Width fHIGH) 


tftiimAiLj 

^MtWn 


200 




110 

1 IV/ 




QO 




70 
/ u 




ns 


ME Pulse Width (LOW) 


^IvIhWL 


210 








100 




fiO 
ou 




ns 


REF Delay Time 1 


^RFDI 




110 




QO 

57 V/ 




AO 
ou 




RO 
ou 


ns 


REF Delay Time 2 


^RFD2 




iin 




QO 




fiO 
ou 




ftO 
ou 


ns 


HALT Delav Time 1 

1 lr%L>l L^wlCly 1 lillw 1 


^HADI 




iin 




QO 




ftO 
ou 




c;o 
ou 


ns 


HALT Delav Time 2 


tHAD2 




110 




QO 




RO 
ou 




ou 


ns 


DREQ i Set-uD Time 


^DRQS 


ou 




40 




40 
fv/ 




'^0 
ou 




ns 


DREQ i Hold Time 


^DRQH 


70 




40 




40 




30 




ns 


TEND i Delay Time 1 


^TED1 




85 




70 




fiO 

ou 




RO 
ou 


ns 


TEND i Delay Time 2 


^TED2 




85 




70 




60 




50 


ns 


Enable Delay Time 1 


tpni 




100 




95 




70 




60 


ns 


Enable Delay Time 2 


tED2 




100 




95 




70 




60 


ns 


E Pulse Width (HIGH) 


PWEH 


150 




75 




65 




55 




ns 


E Pulse Width (LOW) 


PWEL 


300 




180 




130 




110 




ns 
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Item 


Symbol 


HD64180R/Z-4 


HD64180R/Z-6 


HD64180R/Z-8 


HD64180R/Z-10 


unit 


min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


Enable Rise Time 


tEr 




25 




20 




20 




20 


ns 


Enable Fall Time 


tEf 




25 




20 




20 




20 


ns 


Timer Output Delay 
Time 


txon 




300 




300 




200 




150 


ns 


CSI/0 Transmit Data 
Delay Time 
(Internal Clock 
Operation) 


tSTDI 




200 




200 




200 




150 


ns 


CSI/0 Transmit Data 
Delay Time 
(External Clock 
Operation) 


tSTDE 




7.5tcyc 
+ 300 




7.5tcyc 
+ 300 




7.5tcyc 
+ 200 




7.5tcyc 
+ 150 


ns 


CSI/0 Receive Data 
Set-up Time 
(Internal Clock 
Operation) 


tSRSI 


1 




1 




1 




1 




tcyc 


CSI/0 Receive Data 
Hold Time 
(Internal Clock 
Operation) 


tSRHI 


1 




1 




1 




1 




tcyc 


CSI/0 Receive Data 
Set-up Time 
(External Clock 
Operation) 


tcpcp 
•■orioC: 


1 




1 




1 




1 




tcyc 


CSI/0 Receive Data 


tSRHE 


1 




1 




1 




1 




tcyc 


RESET Set-up Time 


tRES 


120 




120 




100 




80 




ns 


RESET Hold Time 


tREH 


80 




80 




70 




60 




ns 


Oscillator Stabilization 
Time 






20 




20 




20 




40 


ms 


External Clock Rise 

Time 

(EXTAL) 


tEXr 




25 




25 




25 




25 


ns 


External Clock Fall Time 
(EXTAL) 


tEXf 




25 




25 




25 




25 


ns 


RESET Rise Time 


tRr 




50 




50 




50 




50 


ms 


RESET Fall Time 


tRf 




50 




50 




50 




50 


ms 


Input Rise Time 
(except EXTAL, RESET) 


t|r 




10 




100 




100 




100 


ns 


Input Fall Time 
(except EXTAL, RESET) 


t|f 




100 




100 




100 




100 


ns 
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WDZ 



WDH 



•1 Output buffer is off at this point 



Figure 1 CPU Timing (1) 
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ADDRESS 
DATA 

WFf,R5E 



•1 during INTo acknowledge cycle 

•2 during refresh cycle 

•3 Output buffer is off at this point. 



Figure 1 CPU Timing (2) 
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HD64180R/Z 



(at level sense) 



(at edge sense) 



TERDi 



(Memory ReadAA/nte) 



E 

(I/O Read) 



E 

(I/O Write) 



CPU or DMA Read/Wnte Cycle (Only DMA Write Cycle for TENDi) 



tORQS 



Ti ' ' ' Tg 



tORQS 



tDRQH*^ 



tpRQH' 



^TEDI 



*STD2 



*TED2 



*1 *DRQS toRQH are specified for the nsing edge of clock followed by Ta 

•2 tQRQs and toRQH are specified for the nsing edge of clock 

•3 DMA cycle starts 

•4 CPU cycle starts 



J 



Figure 2 DMA Control Signals 

^2 Tw 



J 



^EDI 



^EDI 



_ 

/ 



_ 

} 



tEDI 



tpRS 



1 



tED2 



tED2 



tED2 



tORH 



Figures E Clock Timing (1) 



( BUS RELEASE mode ^ 
V SLEEP mode / 



— *FD2 



Figure 3 E Clock Timing (2) 
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Timer Data 
Reg=OOOOH 



Aia/TOUT 



t 



^TOD 
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CSI/O Clock 



Transmit data 
(Internal Clock) 



Transmit data 
(Extemal Clock) 



Receive data 
(Intemal Clock) 



Receive data 
(Extemal Clock) 



<STDE 



^cyc 




*SRSI 


tSRHI, 









*SRSE 



16.5te, 



iTXZZMZnZZCZJZ 



*STDI 



A 



tSTDE 



1 



lite, 



tSRSI 



tSRHI 



tSRHE tSRSE 



16 5t,, 



D(ZZ 

%RHE 



Figure 6 CSI/O Receive/Transmit Timing 



Test Point o- 



T 



Vcc 
o 

::RL=2.2kn 

152074® 
or Equiv. 



-2.0V 
-0.8V 



2.0V- 
0.8V-5 



Reference Level (Input) 



C= 90pF R= 1 2ka 



^2.4V 
r0.8V 



2.4V- 
0.8V^ 



Reference Level (Output) 



-*-tEXr — A Y — *EXf 
EXTA L V|LiJ ?'VtHi ViHiS^Viu 



t|f ■ 



^t|r 



EXTAL Rise time and Fall time Inputs, other than EXTAL, Rise time and Fall time 

Figure 7 Bus Timing Test Load (TTL Load) 
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1 PIN DESCRIPTION 
XTAL (IN) 

Crystal oscillator connection. Should be left open if an external 
TTL clock is used. It is noted this input is not a TTL level input. See 
Table D.C. characteristics. 

EXTAL UN) 

Crystal oscillator connection. An external TTL clock can be 
input on this line. This input is schmitt triggered. 

<f> (OUT) 

System Clock. The frequency is equal to one-half of crystal oscil- 
lator. 



RESET - CPU Reset (IN) 

When LOW, initializes the HD64I80 CPU. All output signals 
are held inactive during RESET. 

- Address Bus (OUT, 3-STATE) 
Aig/TOUT 

19-bit address bus provides physical memory addresses of up to 
512k bytes. The address bus enters the high impedance state during 
RESET a nd w hen anoth er device acquires the bus as indicated by 
BUSREQ and BUSACK LOW. A,8 is multiplexed with the TOUT 
output from PRT channel 1 . During RESET, the address bus func- 
tion is selected. TOUT function can be selected under software con- 
trol. 

D0-D7 - Data Bus (IN/OUT, 3-STATE) 

Bidirectional 8-bit data bus. The data bus enters the high impe- 
dance state during RESET an d w hen anoth er device acquires the 
bus as indicated by BUSREQ and BUSACK LOW. 

RD - Read (OUT. S-STATE) 

Used during a CPU read cycle to enable transfer from the exter- 
nal memory or I/O device to the CPU data bus. 

WR - Write (OUT. 3-STATE) 

Used during a CPU write cycle to enable transfer from the CPU 
data bus to the external memory or I/O device. 

ME - Memory Enable (OUT, 3-STATE) 

Indicates memory read or write operation. The HD641 80 asserts 

ME LOW in the following cases. 

(a) When fetching instructions and operands. 

(b) When reading or writing memory data. 

(c) During memory access cycles of DMA. 

(d) During dynamic RAM refresh cycles. 

Toe - I/O Enable (OUT, 3-STATE) 

Indicates I/O read or write operation. The HD64180 asserts lOE 
LOW in the foUowmg cases. 

(a) When reading or writing I/O data. 

(b) During I/O access cycles of DMA. 

(c) During INTq acknowledge cycle 



WAIT - Bus Cycle Wait (IN) 

Introduces wait states to extend memory and I/O cycles. If LOW 
at the falling edge of Tg, a wait sta te (Tw) is inserted. Wait states will 
continue to be inserted until the WAIT input is sampled HIGH at 
the falling edge of Tw, at which time the bus cycle will proceed to 
completion. 

E - Enable (OUT) 

Synchronous clock for connection to HD63 x x series and other 
6800/6500 series compatible peripheral LSIs. 



BUSREQ - Bus Request (IN) 

Another device may request use of the bus by asserting 
BUSREQ LOW. The CPU will stop executing mstructions and 



piaces the address bus, data bus, RD, WR, ME and 101 in the high 
impedance state. 



BUSACK - Bus Acknowledge (OUT) 

When the CPU c ompletes b us release (in response to BUSREQ 
LOW), it will assert BUSACK LOW. This acknowledges that the 
bus is free for use by the requesting device 

HALT - Halt/Sleep Status (OUT) 

Asserted LOW after execution of the HALT or SLP instruc- 
tions. Used with LIR and ST output pins to encode CPU status. 

UR - Load Instruction Register (OUT) 

Asserte d LOW when the current cycle is an op-code fetch cycle. 
Used with HAI/T and ST output pins to encode CPU status. 

ST - Status (OUT) 

Used with the HALT and LIR output pins to encode CPU 
status. 



Table 1 Status Summary 



ST 


HALT 


LIR 


Operation 





1 





CPU operation 
(1st op-code fetch) 


1 


1 





CPU operation 
(2nd op-code and 
3rd op-code fetch) 


1 


1 


1 


CPU operation 

(MC except for op~code fetch) 





X 


1 


DMA operation 











HALT mode 


1 





1 


SLEEP mode (including 
SYSTEM STOP mode) 



NOTE) X: Don't care 

MC. Machine cycle 



REF - Refresh (OUT) 

When LOW, indicates the CPU is in the dynamic RAM refresh 
cycle and the low-order 8 bits (Ao-A^) of the address bus contain 
the refresh address. 

NMI - Non-Maskable Interrupt (IN) 

When edge transition from HIGH to LOW is detected, forces 
the CPU to save certain state information and vector to an interrupt 
service routine at address 0066H. The saved state information is re- 
stored by executing the RETN (Return from Non-Maskable Inter- 
rupt) instruction. 

INTq - Maskable Interrupt Level (IN) 

When LOW, requests a CPU interrupt (unless mas ked) and 
saves certain state information unless masked by software. INTq re- 
quests service using one of three software programmable interrupt 
modes. 



Mode 


Operation 





Instruction fetched and executed from data bus. 


1 


Instruction fetched and executed from address 
0038H. 


2 


Vector System ~ Low-order 8 bits vector table 
address fetched from data bus. 



In all modes, the saved state mformation is restored by execut- 
ing RETI (Return from Interrupt) instruction. 
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INT^, INT2 ~ Maskable Interrupt Level 1,2 (IN) 

When LOW, requests a CPU interrupt (unless masked) and 
save s cer tain state information unless masked by software. INTj 
and INT2 (and internally generated interrupts) re quest interrupt 
service using a vector system similar to Mode 2 of INTj,. 



DREQo - DMA Request - Channel (IN) 

When LOW (programmable edge or level sensitive), requests 
DMA transfer service from channel of the HD64180 DMAC. 
DREQo is used for Channel memory < > I/O and memory 
< — > memory mapped I/O transfers. DREQo is not used for 
memory < — > memory transfers. This pin is multiplexed with 
CKAo. 



TEN Do ~ Transfer End - Channel (OUT) 

Asserted LOW synchronous with the last write cycle of channel 
DMA transfer to indicate DMA completion to an external device. 
This pin is multiplexed with CKA,. 



DREQ^ - DMA Request ~ Channel 1 (IN) 

When LOW (programmable edge or level sense), requests 
DMA transfer service from channel 1 of the HD64180 DMAC. 
Channel 1 supports Memory <^ — > I/O transfers. 



tend", - Transfer End - Channel 1 (OUT) 

Asserted LOW synchronous with the last write cycle of channel 
1 DMA transfer to indicate DMA completion to an external device. 

TXAq - Asynchronous Transmit Data - Channel (OUT) 

Asynchronous transmit data from channel of the Asynchro- 
nous Serial Communication Interface (ASCI). 

RXAq ~ Asynchronous Receive Data - Channel (IN) 

Asynchronous receive data to channel of the ASCI. 

CKAq - Asynchronous Clock - Channel (IN/OUT) 

Clock input/output for channel of the ASCI. This pin is 
multiplexed (software selectable) with DREQo. 

RTSq - Request to Send - Channel (OUT) 

Programmable modem control output signal for channel of the 
ASCI. 

CTSq - Clear to Send - Channel (IN) 

Modem control input signal for channel of the ASCI. 

DCD^ - Data Carrier Detect ~ Channel (IN) 

Modem control input signal for channel of the ASCI. 

TXA^ -> Asynchronous Transmit Data - Channel 1 (OUT) 

Asynchronous transmit data from channel 1 of the ASCI. 



RXA^ — Asynchronous Receive Data — Channel 1 (IN) 

Asynchronous receive data to channel 1 of the ASCI. 

CKA^ - Asynchronous Clock ~ Channel 1 (IN/OUT) 

Clock input/output for channel 1 of the ASCI. This pin is 
multiplexed (software selectable) with TEND^. 

CfS, - Clear to Send - Channel 1 (IN) 

Modem control input signal for channel 1 of the ASCI. This pin 
is multiplexed (software selectable) with RXS. 

TXS - Clocked Serial Transmit Data (OUT) 

Clocked serial transmit data from the Clocked Serial I/O Port 
(CSI/0). 

RXS - Clocked Serial Receive Data (IN) 

Clocked serial receive data to the CSI/0. This p in is multiplexed 
(software selectable) with ASCI channel 1 CTSi modem control 
input. 

CKS ~ Serial Clock (IN/OUT) 

Input or output clock for the CSI/0. 

TOUT - Timer Output (OUT) 

Pulse output from Programmable Reload Timer channel 1 . This 
pin is multiplexed (software selectable) with Aig (Address 18). 

— Power Supply 

— Ground 

Multiplexed pin descriptions 
A,8/T0UT 

During RESET, this pin is initialized as Ajg pin. If either TOCl 
or TOCO bit in Timer Control Register (TCR) is set to 1, TOUT 
function is selected. 

If TOCl and TOCO bits are cleared to 0, A,8 function is selected. 



CKAo/DREQo 

During RESET, this pin is initialized as CKAq pin. If eith er DM 1 
or SMI in DMA Mode Register (DMODE) is set to 1, DREQo 
function is always selected. 



CKA,/TENDo 

During RESET, this pin is initialized as CKA, pin. If CKA ID bit 
in ASCI control r egister ch 1 (CNTLAl) is set to 1, TENDo func- 
tion is selected. If CKA ID bit is set to 0, CKAj function is selected. 

RXS/CTS", 

During RESET, this pin is initialized as RXS pi n. If C TSI E bit in 
ASCI status register chl (STATl) is set to 1, CTS, function is 

selected. 

If CTS IE bit is set to 0, RXS function is selected. 
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2 CPU REGISTERS 

The HD64180 CPU registers consist of Register Set GR, Regis- 
ter Set GR' and Special Registers. 

The Register Set GR consists of 8-bit Accumulator (A), 8-bit 
Flag Register (F), and three General Purpose Registers (BC, DE, 
and HL) which may be treated as 16-bit registers (BC, DE, and 
HL) or as individual 8-bit registers (B, C, D, E, H, and L) depend- 
ing on the instruction to be executed. The Register Set GR' is alter- 
nate register set of Register Set GR and also contains Accumulator 



(A'), Flag Register (F') and three General Purpose Registers (BC\ 
DE\ and HL'). While the alternate Register Set GR' contents are 
not directly accessible, the contents can be programmably ex- 
changed at high speed with those of Register Set GR. 

The Special Registers consist of 8-bit Interrupt Vector Register 
(I), 8-bit R Counter (R), two 16-bit Index Registers (IX and lY), 
16-bit Stack Pointer (SP), and 16-bit Program Counter (PC). 

Fig. 8 shows CPU registers configuration. 



Register Set GR 



Special Registers 



Accumulator 
A 


Flag Register 
F 


B Register 


C Register 


D Register 


E Register 


H Register 


L Register 


Register Set GR' 


Accumulator 
A' 


Flag Register 
F' 


B' Register 


C Register 


D' Register 


E' Register 


H' Register 


L' Register 



General 
>• Purpose 
Registers 



General 
^ Purpose 
Registers 



Interrupt 
Vector Register 
1 


R Counter 
R 


Index Register 


IX 


Index Register 


lY 


Stack Pointer 


SP 


Program Counter PC 



Figure 8 CPU Register Configuration 



2.1 Register Description 

(1) Accumulator (A, A') 

The Accumulator (A) serves as the primary register used for 
many arithmetic, logical and I/O instructions. 

(2) Flag Registers (F. F ) 

The flag register stores various status bits (described in the next 
section) which reflect the results of instruction execution. 

(3) General Purpose Registers (BC. BC, DE, DE', HL, HL') 

The General Purpose Registers are used for both address and 
data operation. Depending on instruction, each half (8 bits) of these 
registers (B, C, D, E, H, and L) may also be used. 

(4) Interrupt Vector Register (I) 

Fo r inte rrupts which require a vector table address to be calcu- 
lated (INTo Mode 2, INT,, INTg and internal interrupts), the Inter- 
rupt Vector Register (I) provides the most significant byte of the 
vector table address. 

(6) R Counter (R) 

The least significant seven bits of the R Counter (R) serve to 
count the number of instructions executed by the HD64180. R is 



incremented for each CPU op-code fetch cycles (each LIR cycles). 

(6) Index Registers (IX, and lY) 

The Index Registers are used for both address and data opera- 
tions. For addressing, the contents of a displacement specified in 
the instruction are added to or subtracted from the Index Register 
to determine an eflective operand address. 

(7) Stack Pointer (SP) 

The Stack Pointer (SP) contains the memory address based 
LIFO stack. 

(8) Program Counter (PC) 

The Program Counter (PC) contains the address of the instruc- 
tion to be executed and is automatically updated after each instruc- 
tion fetch. 

(9) Flag Register (F) 

The Flag Register stores the logical state reflecting the results of 
instruction execution. The contents of the Flag Register are used to 
control program flow and instruction operation. 
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bit 76543210 

|s|z|-|h|-|pA/|n|c| Flag Register (F) 



S: Sign (bit 7) 

S stores the state of the most significant bit (bit 7) of the result. 
This is useful for operations with signed numbers in which values 
with bit 7 = 1 are interpreted as negative. 

Z: Zero (bit 6} 

Z is set to 1 when instruction execution results containing 0. 
Otherwise, Z is reset to 0. 

H: Half Carry (bit 4) 

H is used by the DAA (Decimal Adjust Accumulator) instruc- 
tion to reflect borrow or carry from the least significant 4 bits and 
thereby adjust the results of BCD addition and subtraction. 

P/V: Parity/Overflow (bit 2) 

P/V serves a dual purpose. For logical operations P/V is set to 1 
if the number of 1 bit in the result is even and P/V is reset to if the 
number of 1 bit in the result is odd. For two complement 
arithmetic, P/V is set to 1 if the operation produces a result which is 
outside the allowable range (-1-127 to -128 for 8-bit operations, 
+ 32767 to -32768 for 16-bit operations). 

N: Negative (bit 1) 

N is set to 1 if the last arithmetic instruction was a subtract oper- 
ation (SUB, DEC, CP, etc.) and N is reset to if the last arithmetic 



8-bit Register 



g or g' field 


Register 





B 


1 


C 


1 


D 


1 1 


E 


1 


H 


1 1 


L 


1 1 




1 1 1 


A 


1 6-bit Register 


zz field 


Register 





B C 


1 


D E 


1 


H L 


1 1 


A F 



Suffixed H and L to ww,xx,yy,zz (ex. wwHJ 
register respectively. 



instruction was an addition operation (ADD, INC, etc.). 

C: Carry (bit 0) 

C is set to 1 when a carry (addition) or borrow (subtraction) 
from the most significant bit of the result occurs. C is also affected 
by Accumulator logic operations such as shifts and rotates. 



3 ADDRESSING IVIODES 

The HD64180 instruction set includes eight addressing modes. 
Implied Register 
Register Direct 
Register Indirect 
Indexed 
Extended 
Immediate 
Relative 
10 

(1) Implied Register (IMP) 

Certain op-codes automatically imply register usage, such as the 
arithmetic operations which inherently reference the Accumulator, 
Index Registers, Stack Pointer and General Purpose Registers. 

(2) Register Direct (REG) 

Many op-codes contain bit fields specifying registers to be used 
for the operation. The exact bit field definition vary depending on 
instruction as follows. 



WW field 


Register 





B C 


1 


D E 


1 


H L 


1 1 


S P 




XX field 


Register 





B C 


1 


D E 


1 


IX 


1 1 


S P 




yy field 


Register 





B C 


1 


D E 


1 


1 Y 


1 1 


S P 



indicate upper and lower 8-bit of the 1 6-bit 
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(3) Register Indirect (REG) 

The memory operand address is contained in one of the 16-bit 
General Purpose Registers (BC, DE and HL). 



(6) Immediate (IMMED) 

The memory operands are contained within one or two bytes of 
the instruction. 



BC 



HL 



Operand 



Memory 



(4) Indexed (INDX) 

The memory operand address is calculated using the contents of 
an Index Register (IX or lY) and an 8-hit signed displacement spec- 
ified in the instruction. 



op-code 1 



op-code 2 



displacement (d) 



Sign extended -r- 



Operand 



Memory 



op-code 



I 8-bit operand 



op-code 



16-bit operand 



(7) Relativf (RED 

Relative addressing mode is only used by the conditional and 
unconditional branch instructions. The branch displacement (rela- 
tive to the cpntents of the program counter) is contained in the in- 
struction. 



op-code 



displacement (j) 



Sign extended 



Program Counter (PC) 



T 



(S) Extended (EXT) 

The memory operand address is specified by two bytes contained 
in the instruction. 



op-code 


n ' 






t m 










1 


i m 1 n 





] . 




Operand 




Memory 



(8) 10(10) 

10 addressing mode is used only by I/O instructions. This mode 
specifies I/O address (iOE = 0) and outputs them as follows. 

(1) An operand is output to A0-A7. The Contents of Accumulator 
is output to Ag-Aig. 

(2) The Contents of Register B is output to A^-Ay. The Contents 
of Register C is output to Ag-Ajg. 

(3) An operand is output to A0-A7. OOH is output to Ag-Ai^. 
(useful for internal I/O register access) 

(4) The Contents of Register C is output to A^-A^. OOH is output 
to Ag-Aig. 

(useful for internal I/O register access) 
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■ CPU BUS TIMING 

This section explains the HD64180 CPU timing for the following 
operations. 

(1) Instruction (op-code) fetch timing. 
Operand and data read/write timing. 
I/O read/write timing. 

Basic instruction (fetch and execute) timing. 
RESET timing. 



(2) 
(3) 
(4) 
(5) 
(6) 



BUSREQ/BUSACK bus exchange timing. 

The basic CPU operation consists of one or more "machme cy- 
cles" (MC). A machine cycle consists of three system clocks, T,, 
and Tg while accessing memory or I/O, or it consists of one system 
clock, Ti while the CPU internal operation. The system clock (<f>) is 
half frequency of crystal oscillation (Ex. 8 MHz crystal — > of 4 



MHz, 250 nsec). For interfacing to slow memory or peripherals, 
optional wait states (Tw) may be inserted between Tg and Tg. 

• Instruction (op-code) Fetch Timing i 

Fig. 9 shows the instruction (op-code) fetch timing with no wait 
states. 

An op-code fetch cycle is externally indicated when the LIR 
(Load Instruction Register) output pin is LOW. 

In the first half of Tj, the address bus (Ao-Ajg) is driven with the 
contents of the Program Counter (PC). Note that this is the trans- 
lated address output of the HD64 180 on-chip MMU. 

In the second half of Ti, the ME (Memory Enable) and RD 
(Read) signals are asserted LOW, enabling the memory. 

The op-code on the data bus is latched at the rising edge of Tg 
and the bus cycle terminates at the end of Tg. 



A0--A18 
Do-Dz 

WATT 

DR 
ME 

RD 



Op-code Fetch Timing 






1 
1 
1 


X 


pc; X PC + 1 




^Op-code^ — 


i:::.:::::?" 






1 
1 










\ 


^ J / \ 






\ 


_J / V 

1 



Figure 9 Op-Code Fetch Timing 



Fig. 10 illustrates the insertion of wait states (Tw) into the op- 
code f etch cycle. Wait states (Tw) are controlled by the external 
WAIT input combined with an on-chip programmable wait state 
generator. 



At the falling edge of Tg the combined WAIT input is sampled. If 

Op-code fetch cycle 



WAIT input is asserted LOW, a wait state (Tw) is inserted. The ad- 
dress bus, ME, R D and LIR are held stable during wait states. 
When the WAIT is sampled inactive HIGH at the falling edge of 
Tw, the bus cycle enters Tg and completes at the end of Tg. 




Figure 1 Op- Code Fetch Timmg (with wait state) 
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• Operand and Data Read/Write Timing 

The instruction operand and data read/write timing differs from 
op-code fetch timing in two ways. First, the LIR output is held inac- 
tive. Second, the read cycle timing is relaxed by one-half clock cycle 
since data is latched at the falling edge of T3. 

Instruction operands include immediate data, displacement and 
extended addresses and have the same timing as memory data 
reads. 

During memory write cycles the ME signal goes active in the 



second half of Tj. At the end of T„ the data bus is driven with the 
write data. 

At the start of Tg, the WR signal is asserted LOW enabling the 
memory. ME and WR go inactive in the second half of T3 followed 
by deactivation of the write data on the data bus. 

Wait states (Tw) are inserted as previously described for op-code 
fetch cycles. 

Fig. 1 1 illustrates the read/write timing without wait states (Tw), 
while Fig. 12 illustrates read/write timing with wait states (Tw). 



Read cycle 



Write cycle 







Ao~Ai8 



Do-Dt 



T3 



Ti 



T2 



T3 



i~i_r~L 



Memory address 



X 



-< ^ead data >- 



WAIT 



ME 



RD 



WR 



V 



I 

.1 



Memory address 



x: 



Write data 



> 



I 



V 



Figure 1 1 Memory Read/Write Timing (without wait state) 



Read cycle 



Write cycle 




Figure 1 2 Memory Read/Write Timing (with wait state) 
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4.3 I/O Read/Write Timing 

I/O instructions cause data read/write transfer which differs 
from memory data transfer in the following three ways. The lOE (1/ 
O Enable) signal is asserted LOW instead of the ME signal. The 16- 
bit 1/0 address is not translated by the MMU and Ajg-Aig are held 



LOW. At least one wait state (Tw) is always inserted for I/O read 
and write cycles (except internal 1/0 cycles). 

Fig. 13 shows I/O read/write timing with the automatically in- 
serted wait state (Tw). 



I/O read cycle 



I/O write cycle 



Ac — Ai8 2^ 



T2 



Tw 



T3 



rnL_r~LJ — L_r 



Tw 



T3 
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! 
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I 

NOTE: A16-A18 = for I/O cycles 



-<ReaddataV- 

N / 



I/O address 



Write data 



> 



r 



Figure 1 3 I/O Read/Write Timing 



4.4 Basic instruction Timing 

An instruction may consist of a number of machine cycles in- 
cluding op-code fetch, operand fetch and data read/write cycles. An 
instruction may also include cycles for internal processing in which 
case the bus is idle. 

The example in Fig. 14 illustrates the bus timing for the data 
transfer instruction LD (lX+d),g. This instruction moves the con- 
tents of a CPU register (g) to the memory location with address 



computed by adding an signed 8-bit displacement (d) to the con- 
tents of an index register (IX). 

The instruction cycle starts with the two machine cycles to read 
the two bytes instruction op-code as indicated by LIR LOW. Next, 
the instruction operand (d) is fetched. 

The external bus is idle while the CPU computes the effective 
address. Finally, the computed memory location is written with the 
contents of the CPU register (g). 
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CPU Hitemal 

1 St op-code 2nd op-code Displacement operation Memory Next instruction 
fetch cycle , fetch cycle , read cyde . ' j ^ . wnte cycle . fetch cycle 

r T + tH — t-*r T 



Ti Tz Ta Ti T2 T3 Ti T2 T3 Ti Ti Ti Ti T2 T3 Ti T2 

' jiTLJirurmjiJ^^ 



K PC ) r pc-fi r 



" y pc+3 




Machine Cycle |- 



. 11 . I 



MC3 'MC4MC5MC6 MC7 



NOTE d = dispiacement 

g = register contents 



Figure 14 LD (IX+d), g Instruction Timing 



4.5 RESET Timing 

Fig. 15 shows the HD64180 hardware RESET timing. If the RE- 
SET pin is LOW for at least six clock cycles, processing is termi- 



nated and the HD64180 restarts execution from (logical and physi- 
cal) address OOOOOH. 



RESET Start 



OP-code fetch cycle 



RESET ^ 



Ao— A18 




K|Restart address(OOOOOH) 



Figure 1 5 RESET Timing 



4.6 BUSREQ/BUSACK Bus Exchange Timing 

The HD64180 can coordinate the exchange of control, address 
and data bus ownership with another bus master. T he alternat e bus 
master can request the bus release by asserting the BUSREQ (Bus 
Request) input LOW. After the HD64180 releases the bus, it relin- 
quishes control to the alternate bus master by asserting the 
BUSACK (Bus Acknowledge) output LOW. 

The bus may be released by the HD64180 at the end of each ma- 
chine cycle. In this context a machine cycle consists of a minimum 
of 3 clock cycles (more if wait states are mserted) for op-code fetch, 
memory read/write and I/O read/write cycles. Except for these 
cases, a machine cycle corresponds to one clock cycle. 

When the bus is released, the address (Ao-Ajg), data (D0-D7) 



and control (ME, lOE, RD, and WR) signals are placed in the high 
impedance state. 

Note that dynamic RAM refresh is not performed when the 
HD64180 has released the bus. The alternate bus master must pro- 
vide dynamic memory refreshing if the bus is released for long peri- 
ods of time. 

Fig. 16 illustrates BUSREQ/BUSACK bus exchange during a 
memory read cycle. Fig. 17 illustrates bus exchange when the bus 
release is requested during an HD64180 CPU internal operation. 
BUSREQ is sampled at the falling edge of the syst em clock prior to 
T3, Ti and Tx (BUS RELEASE state). If BUSREQ is asserted LOW 
at the falling edge of the clock state prior to Tx, another Tx is ex- 
ecuted. 
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Figure 1 6 Bus Exchange Timing (1 ) 
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Figure 1 7 Bus Exchange Timing (2) 
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5 HALT AND LOW POWER OPERATION MODES 

The HD64180 can operate in 4 different modes. HALT mode, 
lOSTOP mode and two low power operation modes — SLEEP and 
SYSTEM STOP. Note that in all operating modes, the basic CPU 
clock (XTAL, EXTAL) must remam active. 

5.1 HALT Mode 

HALT mode is entered by execution of the HALT instruction 
(op-code = 76H) and has the following characteristics. 

(1) The internal CPU clock remains active. 

(2) All internal an d external inter rupts can be received. 

(3) Bus exchange (BUSREQ and BUSACK) can occur. 

(4) Dynamic RAM refresh cycle (REF) insertion continues at the 
programmed interval. 

(5) I/O operations (ASCI, CSI/0 and PRT) continue. 

(6) The DMAC can operate. 

(7) The HALT output pin is asserted LOW. 

(8) The external bus activity consists of repeated 'dummy' fetches 
of the op-code following the HALT instruction. 



Essentially, the HD64180 operates normally in HALT mode, 
except that instruction execution is stopped. 

HALT mode can be exited in the following two ways. 

RESET E xit from HALT Mode 

If the RESET input is asserted LOW for at least six clock cycles, 
HALT mode is exited and the normal RESET sequence (restart at 
address OOOOOH) is initiated. 

Interrupt Exit from HALT Mode 

When an internal or external interrupt is generated, HALT 
mode is exited and the normal interrupt response sequence is initi- 
ated. 

If the interrupt source is masked (individually by enable bit, or 
globally by lEF , state), the HD64180 remains in H ALT mode. 
However, NMI interrupt will initiate the normal NMI interrupt re- 
sponse sequence independent of the state of lEFj. 

HALT timing is shown in Fig. 18 



HALT op-code fetch cycle 



HALT mode 



Interrupt 

acknowledge cycle 




INTi, NMI 



Ao— Ai8 HALT op-code address 



HALT 

LiR 
ME 

m 



Figure 1 8 HALT Timing 



5.2 SLEEP Mode 

SLEEP mode is entered by execution of the 2 byte SLP instruc- 
tion. SLEEP mode has the following characteristics 

(1) The internal CPU clock stops, reducing power consumption. 

(2) The internal crystal oscillator does not stop. 

(3) Internal and external interrupt inputs can be received. 

(4) DRAM refresh cycles stop. 

(5) I/O operations using on-chip peripherals continue. 

(6) The inter nal DMAC stop. 

(7) BUSREQ can be received and acknowledged. 

(8) Address outputs go HIGH and all other control signal output 
become inactive HIGH. 

(9) Data Bus, 3-stale. 

SLEEP mode is exited in one of two ways as shown below. 

RESET Exit from SLEEP Mode 

If the RESET input is held LOW for at least six clock cycles, the 
HD64180 will exit SLEEP mode and begin the normal RESET se- 
quence with execution starting at address (logical and physical) 
OOOOOH. 



interrupt Exit from SLEEP Mode 

The SLEEP m ode is exited by detection of an external (NMI, 
INTo, INT,, INT,) or internal (ASCI, CSI/0, PRT) interrupt. 

In the ca se of NMI, SLEEP Mode is exited and the CPU begins 
the normal NMI interrupt response sequence. 

In the case of all other interrupts, the interrupt response de- 
pends on the state of the global interrupt enable flag (lEFj) and the 
individual interrupt source enable bit. 

If the individual interrupt condition is disabled by the corres- 
ponding enable bit, occurrence of that interrupt is ignored and the 
CPU remains in the SLEEP state. 

Assuming the individual interrupt condition is enabled, the re- 
sponse to that interrupt depends on the global interrupt enable flag 
(lEF,). If interrupts are globally enabled (IEFi=l) and an in- 
dividually enabled interrupt occurs, SLEEP mode is exited and the 
appropriate normal interrupt response sequence is executed. 

If interrupts are globally disabled (IEFi=0) and an individually 
enabled interrupt occurs, SLEEP mode is exited and instruction ex- 
ecution begins with the instruction following the SLP instruction. 
Note that this provides a technique for synchronization with high 
speed external events without incurring the latency imposed by an 
interrupt response sequence. 
Fig. 19 shows SLEEP timing. 
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5.3 lOSTOP Mode 

lOSTOP mode is entered by setting the lOSTP bit of the I/O 
Control Register (ICR) to 1. In this case, on-chip I/O (ASCI, CSI/ 
O, PRT) stops operating. However, the CPU continues to operate. 
Recovery from lOSTOP mode is by clearing the lOSTP bit in ICR 
to 0. 



5.4 SYSTEM STOP Mode 

SYSTEM STOP mode is the combination of SLEEP and 
lOSTOP modes. SYSTEM STOP mode is entered by setting the 
lOSTP bit in ICR to 1 followed by execution of the SLP instruction. 
In this mode, on-chip I/O and CPU stop operating, reducing power 
consumption. Recovery from SYSTEM STOP mode is the same as 
recovery from SLEEP mode, noting that internal I/O sources (dis- 
abled by lOSTOP) cannot generate a recovery interrupt. 



SLP 2nd op-code 
fetch cycle 



T2 T3 



SLEEP mode 



Op-code fetch or intermpt 
acknowledge cycle 



INTj, NMI 



HALT 



LIR 



1 1 




i ^ 

1 

. 1 




SLP 2nd op-code address X 7FFFFH 


X 


1 
1 
1 
1 




\ — ^ , 

1 
1 


/ 


— n ' 


\ 



Figure 1 9 SLEEP Timing 
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6 INTERRUPTS 

The HD64180 CPU has twelve interrupt sources, four external 
and eight internal, with fixed priority. 

This section explains the CPU registers associated with interrupt 



processing, the TRAP interrupt, interrupt response modes and the 
external interrupts. The detailed discussion of internal interrupt 
generation (except TRAP) is presented in the appropriate hardware 
section (i.e. PRT, DM AC, ASCI and CSI/0). 



Priority 



Higher 
Priority 



Lower 
Priority 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 



Interrupt 



TRAP (Undefined Op-code Trap) 
NMI (Non Maskable Interrupt) 
INTo (Maskable Interrupt Level 0) 
INTi (Maskable Interrupt Level 1 ) 
INT 2 (Maskable Interrupt Level 2) 
Timer 
Timer 1 

DMA channel 
DMA channel 1 
Clocked Serial I/O Port 
Asynchronous SCI channel 
Asynchronous SCI channel 1 



Internal Interrupt 
External Interrupt 



Internal Interrupt 



Figure 20 Interrupt Sources 



6.1 Interrupt Control Registers and Flags 

The HD64180 contains three registers and two flags which are 
associated with interrupt processing. 



Register and 
Flag Name 


Function 


Access Method 


1 


Contains upper 8-bit 
of interrupt vector 


LD A, 1 and 

LD 1, A instructions 


IL 


Contains lower 8-bit 
of interrupt vector 


I/O instruction 
(addr = 33H) 


ITC 


Interrupt/Trap control 


I/O instruction 
(addr = 34H) 


lEF,. IEF2 


Enable/disable 
interrupt 


El, Dl, 

LD A. 1, and 

LD A, R instructions 



(1) Interrupt Vector Register (I) 

Mode 2 for INT,, external interrupt, INTj and INTg external in- 
terrupts and all internal interrupts (except TRAP) use a program- 
mable vectored technique to determine the address at which inter- 
rupt processing starts. In response to the interrupt a 16-bit address 
is generated. This address accesses a vector table in memory to ob- 
tain the address at which execution restarts. 

While the method for generation of the least significant byte of 
the table address differs, all vectored interrupts use the contents of I 
as the most significant byte of the table address. By programming 
the contents of I, vector tables can be relocated on 256 bytes bound- 
aries throughout the 64k bytes logical address space. 

Note that I is read/written with the LD A, I and LD I, A instruc- 
tions rather than I/O (IN, OUT) instructions. 

I is initialized to OOH during RESET. 



(2) 



Interrupt Vector Low Register (IL) 

interrupt Vector Low Register (IL I/O Address = 33H) 



7 


6 


5 


4 


3 


2 1 





IL7 


IL6 


IL5 












R/W 


R/W 


RAW 











This register determines the most significant three bits of the 
low-orde r by te of t he in terrupt vector table address for external in- 
terrupts INTj and INT2 and all internal interrupts (except TRAP). 
The five least significant bits are fixed for each specific interrupt 
source. By programming IL the vector table can be relocated on 32 
bytes boundaries 

IL is initialized to OOH during RESET 

(3) INT/TRAP Control Register (ITC) 

INT/TRAP Control Register (ITC I/O Address = 34H) 



Interrupt Source Dependent Code 



ITC is used to handle TRAP interru pts and to e nable or dis able 
the external maskable interrupt inputs INT^, INT,, and INT^. 

TRAP (bit 7) 

This bit is set to 1 when an undefined op-code is fetched TRAP 
can be reset under program control by writing it with 0, however it 
cannot be written with 1 under program control. TRAP is cleared to 
during RESET. 

UFO: Undefined Fetch Object (bit 6) 

When a TRAP interrupt occurs (TRAP bit is set to 1), the con- 
tents of UFO allow determination of the starting address of the 
undefined instruction. This is necessary since the TRAP may occur 
on either the second or third byte of the op-code. UFO allows the 
stacked PC value (stacked in response to TRAP) to be correctly ad- 
justed. If UFO = 0, the first op-code should be interpreted as the 
stacked PC— L If UFO = 1, the first op-code address is stacked 
PC- 2. UFO is read-only 

ITE2,1,0: Interrupt Enable 2,1,0 (bits 2-0) 

IT E2, IT El and ITE O ena ble and disable the external interrupt 
inputs INT;,, INTi, and INTq respectively. If cleared to 0, the inter- 
rupt is masked. During RESET, ITEO is initialized to 1 while ITEl 
and 1TE2 are initialized to 

• Interrupt Enable Flag 1,2 (lEF^, lEFj) 

lEFj controls the overall enabling and disabling of al l inte rnal 
and external maskable interrupts (i e all interrupts except NMI and 
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TRAP). 

If lEFj = 0, all maskable interrupts are disabled. lEF, can be re- 
set to by the DI (Disable Interrupts) instruction and set to 1 by 
the EI (Enable Interrupts) instruction. 

Th e purpo se of lEFg is to correctly manage the occurrence of 
NMI. During NMI, the prior interrupt reception state is saved and 
all maskable interrupts are automatically disabled (lEFj copied to 



IEF2 and then lEFj cleared to 0). At the end of the NMI interrupt 
service routine, execution of the RETN (Return from Non-maska- 
ble Interrupt) will automatically restore the interrupt r eceivi ng state 
(by copying lEFg to lEFj) prior to the occurrence of NMI. 

IEF2 state can be reflected in the P/V bit of the CPU Status regis- 
ter by executing LD A, I or LD A, R instructions. 

Table 2 shows the state of lEFj and lEFg. 



Table 2 Stateof lEFisnd lEFj 



CPU Operation 


lEF, 


IEF2 


REMARKS 


RESET 








Inhibits the interrupt except NMI and TRAP. 


NMi 





lEF, 


Copies the contents of lEF , to lEFj. 


RETN 


IEF2 


not affected 


Returns from the NMI service routine. 


Interrupt except 
RWand TRAP 








Inhibits the Interrupt except NMI and TRAP 


RETI 


not affected 


not affected 




TRAP 


not affected 


not affected 




El 


1 


1 




DI 










LD AJ 


not affected 


not affected 


Transfers the contents of lEFg to P/V flag 


LD A,R 


not affected 


not affected 


Transfers the contents of lEFg to P/V flag. 



6.2 TRAP Interrupt 

The HD64180 generates a non-maskable (not affected by the 
state of lEF,) TRAP interrupt when an undefined op-code fetch oc- 
curs. This feature can be used to increase software reliability, imple- 
ment an 'extended' instruction set, or both. TRAP may occur dur- 
ing op-code fetch cycles and also if an unde fined o p-code is fetched 
during the interrupt acknowledge cycle for INT^ when Mode is 
used. 

When a TRAP interrupt occurs the HD64I80 operates as fol- 
lows. 

(1) The TRAP bit in the Interrupt TRAP/Control (ITC) register is 
set to 1. 

(2) The current PC (Program Counter) value, reflecting the loca- 
tion of the undefined op-code, is saved on the stack. 

(3) The HD64180 vectors to logical address 0. Note that if logical 



address OOOOH is mapped to physical address OOOOOH, the vec- 
tor is the same as for RESET. In this case, testing the TRAP bit 
in ITC will reveal whether the restart at physical address 
OOOOOH was caused by RESET or TRAP. 

The state of the UFO (Undefined Fetch Object) bit in ITC 
allows TRAP manipulation software to correctly 'adjust' the stacked 
PC depending on whether the second or third byte of the op-code 
generated the TRAP. If UFO = 0, the starting address of the in- 
valid instruction is equal to the stacked PC— 1. If UFO = 1, the 
starting address of the invalid instruction is equal to the stacked 
PC- 2. Fig. 21 shows TRAP Timing. 

Note that Bus Release cycle. Refresh cycle, DMA cycle and 
WAIT cycle can't be inserted just after Tjp state which is inserted 
for TRAP interrupt sequence. 
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2nd op-code 
fetch cycle 



Ti T2 Ta 



PC stacking 



rrip T, Ti Ti Ti Ti 



Ti T2 Ta 



Ti T2 T3 



PC 



"( sp-r 



y sp-2 



— O 

Undefined 
op-code 

T JT 

1 r 



- < pCh w pc: 



Ti T2 Ta 



X OOOOH 



1 r 



Restart from OOOOH 



Op-code 
fetch cycle 



C 



) — o- 



Figure 21 (a) TRAP Timing - 2nd Op-code Undefined 



i sp-1 



PC stacking 



X SP-2 X GOOOTT C 



Restart from OOOOH 



Op-code 
fetch cycle 



3rd op-code 

fetch cycle Memory read cycle 



Ao — Ai8 
Do-D/ 

m 
m 
m 



Undefined 
op-code 



IX+d, lY-Hd 



■<!> 



Figure 21 (b) TRAP Timing - 2nd Op-code Undefined 
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6.3 External Interrupts 

T he H D64180 has four external hardware interrupt inputs. 

(1) NMI — Non-maskable Interrupt 

(2) INTq - Maskable Interrupt Level 

(3) INTj — Maskable Interrupt Level 1 

(4) iTH'g - Maskable Interrupt Level 2 

NMI, INTj and INTg have fixed interrupt response modes. INT,, 

has three difTerent software programmable interrupt response mod- 
es — Mode 0, Mode 1 and Mode 2. 

6.4 Jim - Non-Maskabie Interrupt 

The NMI interr upt inp ut is edge sensitive and cannot be masked 
by software. When NMI is detected, the HD64180 operates as fol- 
lows. 

(1) DMAC operation is suspended by clearing the DME (DMA 
Main Enable) bit in DCNTL. 

(2) The PC is pushed onto the stack. 

(3) The contents of lEF, are copied to lEFg. This saves the inter- 
rupt reception state that existed prior to NMI. 

(4) lEFj is cleared to 0. This disables all external an d in ternal 
maskable interrupts (i.e. all interrupts except NMI and 
TRAP). 



(5) Execution commences at log ical address (X)66H. 

The last instruction of an NMI service routine should be RETN 
(Return from Non-maskable Interrupt). This restores the stacked 
PC, allowing the interrupted program to continue. Furthermore, 
RETN causes lEFg to be copied to lE Fi, re storing the interrupt re- 
ception state that e xisted prior to the NMI. 

Note that NMI, since it can be accepted during HD64180 on- 
chip DMAC o perat ion, can be used to externally interrupt DMA 
transfer. The NMI service routine can reactivate or abort the 
DMAC oper ation as required by the application. 

For NMI, special care must b e taken to insure that int errupt 
inputs do not 'overrun' the NMI service routine. Unlimited NMI 
inputs without a corresponding number of RETN instructions will 
eventually cause stack overfl ow. 

Fig. 22 shows the us e of NWl and RETN while Fig. 23 details 

NMI r espon se timing. NMI is edge sensitive and the internally 
latched NMI falling edge is held until it is sampled. If the falling 
edge of NMI is latched before the falling edge of clock state prior to 
Tg or Ti in the last machine cycle, the internally latched NMI is 
sampled at the falling e dge o f the clock state prior to Tg or Ti in the 
last machine cycle and NMI acknowledge cycle begins at the end of 
the current machine cycle. 



mam 
program 



NMI 



IEFi — IEF2 
POL — (SP) 
PCH — (SP+ 1 



0066H 




NMI 

interrupt service 
program 



RETN 



Last MC 



Figure 22 NMI Sequence 
NMI acknowledge cycle 



PC is pushed onto stack 



Ti T2 T3 Ti Ti Ti I2 T3 Ti T2 T3 



Restart from 0066H 
bp-code fetch 



Ti T2 Ta 



1 



Ao— • A18 
D0-D7 



PC X SP-1 X" SP-2 X^0066H T 
Ins truct ion 

( PCH K-fgLJ— O— 



LIR 
ME 

RD 
WR 



A r 



A r 



A r 



A r\ 



Figure 23 NMI Timing 
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6.5 INTq — Maskable interrupt Level 

The next highest priority external interrupt after NMI is INTp. 

INTo is sampled at the falling edge of the clock state prior to Tg or Ti 
in the last machine cycle. If INT^ is asserted LOW at the falli ng ed ge 
of the clock state prior to Tg or Ti in the last machine cycle, INTo is 
accepted. The interrupt is masked if either the lEF, flag or the ITEO 
(Interrupt Enable 0) bit in ITC are cleared to 0. Note that after RE- 
SET the state is a s foll ows. 

(1) lEFj is 0, so INTq is masked. 

(2) ITEO is 1, so INTo is enabled by execution of the El (Enable 
Int errup ts) instruction. 

The INTfl interrupt is unique in that three programmable inter- 
rupt response modes are available — Mode 0, Mode 1 , and Mode 2. 
The specific mode is selected with the IM 0, IM 1 and IM 2 (Set In- 
terrupt Mode) instructions. Duri ng RESET, the HD64I80 is 
initialized to use Mode for INT^. 



The three interrupt response modes for INT© are... 

(1) Mode — Instruction fetch from data bus. 

(2) Mode 1 - Restart at logical address 0038H. 

(3) Mode 2 — Low byte vector table address fetch from data bus. 

INT^ Mode 

During the interrupt acknowledge cycle, an instruction is fetched 
from the data bus (D0-D7) at the rising edge of Tg. Often, this in- 
struction is one of the eight single byte RST (RESTART) instruc- 
tions which stack the PC and restart execution at a fixed logical ad- 
dress. However, multibyte instructions can be processed if the in- 
terrupt acknowledging device can provide a multibyte response. 
Unlike all other interrupts, the PC is not automatically stacked. 

Note that T RAP interrupt will occur if an invalid instruction is 
fetched during I NTp M ode interrupt acknowledge. 

Fig. 24 shows IKT^ Mode Timing. 



Last MC ^ j H^^Q acknowledge ^V^^^j^ instruction execution 

I PC is pushed onto stack 

r 

Ti T2 Tw* Tw* T3 Ti Ti Ti T2 T3 Ti T2 T3 
Wfo "\ f -~ 

Ao~Ai8 )C PC X SP-1 X SP-F" 



LiR 
ME 



A r\. 



WR 

IDE 

D0-D7 



MC: Machine Cycle 



A r~ 

RST instruction 

— <I>— 



- < PCH 



• Two wait states are automatically inserted. 

Figure 24 INT J Mode Timing (RST Instruction on the Data Bus) 
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INTo Mode 1 

When INTo is received, the PC is stacked and instruction execu- 
tion restarts at logical address 0038H. Both lEFj and IEF2 flags are 
reset to 0, disabling all maskable interrupts. The interrupt service 
routine should normally terminate with the EI (Enable Interrupts) 



instruction followed by the RETI (Return from Interrupt) instruc- 
tion, so that the interrupts are reenabled. Fig. 25 shows the use of 
iNTo (Mode 1) and RETI. 

Fig. 26 shows INT^ Mode 1 timing. 



mam 
program 



WTo 
(Mode 1) 



—IEF1, IEF2 
PCH -(SP-1) 
PCL -(SP-2) 



PCL «-(SP) 
PCH — (SP+1) 



0038H 



INTo (Mode 1) 
Interrupt service 
program 



El (1 — IEF1. IEF2) 
RETI 



Figure 25 JFfT^Mode 1 Interrupt Sequence 



Last MC 


INTo acknowledge cycle 


Op-code fetch cycle 




1 PC is pushed onto stack 







Ti T2 Tw*Tw*T3 Ti T2 T3 Ti T2 T3 Ti T2 Ts 

^ juijijiJirLJ^^ 




LIR 
ME 

Toe 

RD 

WR 

D0--D7 
ST 



PC 



~ X SP-1 ) r ~SP^2~X 0038H~) (~ 
\ / 



A r 




• Two wait states are automatically inserted. 
Figure 26 INT Mode 1 Timing 
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INTo Mode 2 

This method determines the restart address by reading the con- 
tents of a table residing in memory. The vector table consists of up 
to 128 two-byte restart addresses stored in low byte, high byte 
order. 

The vector table address is located on 256 bytes boundaries in 
the 64k bytes logical address space as progra mmed in the 8-bit In- 
terrupt Vector Register (I). Fig. 27 shows the INTo Mode 2 Vector 
acquisition. 

During INT^ Mode 2 acknowledge cycle, first, the low-order 8 
bits of vector is fetched from the data bus at the rising edge of Tg 



and CPU acquires the 16-bit vector. 

Next, the PC is stacked. Finally, the 16-bit restart address is 
fetched from the vector table and execution commences at that ad- 
dress. 

Note that external vector acquisition is indicated by LIR and 

lOE both LOW. Two wait states (Tw) are automatically inserted for 
external vector fetch cycles 

During RESET the Interrupt Vector Register (I) is initialized to 
OOH and, if necessary, should be set to a different valu e pri or to the 
occurrence of a INTo Mode 2 interrupt. Fig. 28 shows INTo Mode 2 
interrupt Timing. 



Memory 



1 6-bit Vector 



Interrupt Vector 


8-bit on 


Register 1 


Data Bus 



Vector + 1 



Vector 



Offset 



High-order 8 bits 
of starting address 



Low-order 8 bits 
of starting address 



256 Bytes 

Vector 

Table 



Figure 27 INTq Mode 2 Vector Acquisition 
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OP-code 



Last MC 


INTo acknowledge cycle 


fetch cycle 




Vector lower 
address read 


. . Interrupt manipulation 
PC IS pushed onto stackj ^y^^^ 









Ti T2 Tw*Tw*T3 Ti Ti Tz Ta Ti T2 T3 Ti T2 T3 Ti Tz T3 Ti Ta T3 

* JiJTnjijmjmjiJiJinjij^^ 



Starting add res 
X SP-1 X ~SpT~ X Vector )^ector+1) ( 




x: 



r\ r^ r- 



w 

D0-D7 
ST 



Lower vector 



-CD — < pcH > - <~pcr 



Starting address Starting address 
(lower address) (upper address) 



A r 



* Two wait states are automatically inserted. 

Figure 28 INTq Mode 2 Timing 



6.6 INT,JNT2 

The operation of external interrupts INT, and INT;, is a v ector 
mode similar to INTq Mode 2. The difference is that INTj and INTg 
generate the low-order byte of vector table address using the IL (In- 
terrupt Vector Low) register rather than fetching it from the data 
bus. This is also the interrupt response sequence used for all inter- 
nal interrupts (except TRAP), 

As shown in Fig. 29 the low-order byte of vector table address is 
comprised of the most significant three bits of the software pro- 
grammable IL register and the least sign ificant five bi ts which are a 
unique fixed value for each interrupt (INT,, INTj, and internal) 
source. 



INTj and INTj, are globally masked by lEF, = 0. Each is also in- 
dividually maskable by respectively clearing the ITEl and ITE2 
(bits 1, 2) of the INT/TRAP control register to 0. 

During RESET, lEF,, ITEl and ITE2 bits are initialized to 0. 

6.7 Internal Interrupts 

Internal inter rupts (exc ept T RAP) use the same vectored re- 
sponse mode as INT, and INT;, (Fig 29). Internal interrupts are 
globally masked by lEF, = 0. Individual internal interrupts are 
enabled/disabled by programming each individual I/O (PRT, 
DMAC, CSI/0, ASCI) control register. The lower vector of INT,, 
INT2, and internal interrupt are summarized in Table 3. 
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Memory 



32 Bytes 

Vector 

table 



Figure 29 INT^, INT2 and Internal Interrupts Vector Acquisition 



Table 3 Interrupt Source and Lower Vector 



Interrupt Source 






IL 


Fixed Code 


rnority 


br 


be b. 


b4 


b3 


b2 


bi 


bo 


int; 


Highest 





















int; 



















1 





PRT channel 
















1 








PRT channel 1 
















1 


1 





DMA channel 













1 











DMA channel 1 













1 





1 





CSI/0 













1 


1 








ASCI channel 













1 


1 


1 





ASCI channel 1 


Lowest 






1 















• Programmable 
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Interrupt Acknowledge Cycle Timing edge of clock state prior to T3 or Ti in the last machine cycle. If INT, 

Fig. 3 show s int errup t ackn owle dge c ycle timing for internal in- or INT^ is asserted LOW at the falling edge of clock state prior to T3 
terrupts, INT,, and INT^. INT, and INT5, are sampled at the falling or Ti in the last machine cycle, the interrupt request is accepted. 



Last MC 



INT1. INT2. internal interrupt acknowledge cycle 



Op-code 
fetch cycle 




INT,, INT 2 ~"\ r~ 



( SP-1 



( SP-2 ( Vector ( Vector-f 1 



Starting 
address 



Ao— Aie 

m 
m 
m 

RD 
WR 

D0-D7 
ST 



PC 



1 r 



1 r 



< PCh >- ( PCl >- 



Starting address (U Starting address I 



■O 



MC Machine Cycle. 



' Two wait states are automatically inserted. 



Figure 30 INT,, INTj and Internal Interrupts Timing 



6.8 Interrupt Sources and Reset 

(1 ) Interrupt Vector Register (I) 

All bits are reset to 0. 

Since I = locates the vecto r tables starting at logical address 
OOOOH, vectored interrupts (INTo Mode 2, INT,, INT2 and internal 
interr upts) will over lap with fixed restart interrupts like RESET (0), 
NMI (0066H), INTo Mode 1 (0038H) and RST (OOOOH - 0038H). 
The vector table (s) can be built elsewhere in memory and located 
on 256 bytes boundaries by reprogramming I with the LD I, A in- 
struction. 

(2) IL Register 

Bits 7 — 5 are reset to 0. 

Th e IL R egister can be programmed to locate the vector table for 

INTj, INT2 and internal interrupts on 32 bytes sub-boundaries 
within the 256 bytes area specified by I. 

(3) lEFv iEF2 Flags 

Reset to 0. 

Interrupts other than NMI and TRAP are disabled. 



(4) ITC Register 

ITEO are set to 1. ITEl and ITE2 are reset to 0. 

INTo c an be enab led b y the EI instruction, which sets lEF, = 1. 
To enable INT, and INT^ also requires that the ITEl and ITE2 bits 
be respectively set = 1 by writing to ITC. 

(5) I/O Control Registers 

Interrupt enable bits reset to 0. 

All HD64180 on-chip I/O (PRT, DMAC, CSI/0, ASCI) inter- 
rupts are disabled and can be individually enabled by writing to each 
I/O control register interrupt enable bit. 

6.9 Differ ence b etwe en INTq interrupt and the other inter- 
rupts (INT|, INT2 and internal interrupts) in the interrupt 
acknowledge cycles 

As shown in Fig. 24, F ig. 26, Fig. 28 and Fig. 30, the interrupt 
acknowledge c ycle o flNTn is different from those of the other inter- 
rupts, that is, INT,, INTg and internal interrupts concerning the 
state of control signals. The state of the control signals in each inter- 
rupt acknowledge cycle are shown below. 

INT q interrupt acknowledge cycle: LIR = 0, lOE = 0, ST = 

INT,, INT2, and internal interrupt acknowledge cycle: LIR = 1, 

lOE = 1, ST = 
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7 MEMORY MANAGEMENT UNIT (MMU) 

The HD64180 contains an on-chip MMU which performs the 
translation of the CPU 64k bytes (16-bit addresses- OOOOH to 
FFFFH) logical memory address space into a 512k bytes (19-bit ad- 
dresses- (WOOOH to 7FFFFH) physical memory address space. Ad- 
dress translation occurs internally in parallel with other CPU opera- 
tion. 



7.1 Logical Address Spaces 

The 64k bytes CPU logical address space is interpreted by the 
MMU as consisting of up to three separate logical address areas, 
Common Area 0, Bank Area and Common Area 1. 

As shown in Fig. 31 a variety of logical memory configurations 
are possible. The boundaries between the Common and Bank 
Areas can be programmed with 4k bytes resolution. 



Common Area 1 



Bank Area 



Common Area 



Common Area 1 



Bank Area 



Common Area 1 



Common Area 



Common Area 1 



Figure 3 1 Logical Address Mapping Examples 



7.2 Logical to Physical Address Translation 

Fig. 32 shows an example in which the three logical address 
space portions are mapped into a 512k bytes physical address space. 
The important points to note are that Common and Bank Areas can 



overlap and that Common Area 1 and Bank Area can be freely relo- 
cated (on 4k bytes physical address boundaries). Common Area 
(if it exists) is always based at physical address OOOOOH. 



FFFFH 



OOOOH 



Common Area 1 



Bank Area 



Common Area 



■j- [Common Base| - 



n 



-I- Bank Base 



+ 0-1 



X y z 

Logical Address Space 



7FFFFH 



OOOOOH 



Physical Address Space 

Figure 32 Logical — ' Physical Memory Mapping Example 
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7.3 MMU Block Diagram 

The MMU block diagram is shown in Fig. 33. The MMU trans- 
lates internal 16-bit logical addresses to external 19-bit physical ad- 
dresses. 



Internal Address/Data Bus 



1 



MMU Common/Bank Area 
Register; CBAR (8) 



LA12--LA15 



Memory 
Management Unit 



2 



MMU Common Base 
Register; CBR (7) 



MMU Bank Base 
Register; BBR (7) 



PA12-PA18 



LA: Logical Address 
PA: Physical Address 



Figure 33 MMU Block Diagram 



Whether address translation takes place depends on the type of 
CPU cycle as follows. 
(1) Memory Cycles 

Address Translation occurs for all memory access cycles includ- 
ing instruction and operand fetches, memory data reads and writes, 
hardware interrupt vector fetch and software interrupt restarts. 



(2) I/O Cycles 

The MMU is logically bypassed for I/O cycles. The 16-bit logical 
I/O address space corresponds directly with the 16- bit physical I/O 
address space. The upper three bits (Aj^-Auj) of the physical ad- 
dress are always during I/O cycles. 



LAi 



"000" 



LAo 



^18 


PA16 PA15 


PAo 








Physical Address 



Logical Address 



Figure 34 I/O Address Translation 



(3) DMA Cycles 

When the HD64180 on-chip DMAC is using the external bus, 
the MMU is physically bypassed. The 19-bit source and destination 



registers in the DMAC are directly output on the physical address 
bus (Ao-Aig). 
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7.4 MMU Registers 

Three MMU registers are used to program a specific configura- 
tion of logical and physical memory. 

(1) MMU Common/Bank Area Register (CBAR) 

(2) MMU Common Base Register (CBR) 

(3) MMU Bank Base Register (BBR) 

CBAR is used to define the logical memory organization, while 
CBR and BBR are used to relocate logical areas within the 512k 
bytes physical address space. The resolution for both setting bound- 
aries within the logical space and relocation within the physical 



space is 4k bytes. 

The CAR field of CBAR determines the start address of Com- 
mon Area 1 (Upper Common) and by default, the end address of 
the Bank Area. The BAR field determines the start address of the 
Bank Area and by default, the end address of Common Area 
(Lower Common). 

The CA and BA fields of CBAR may be freely programmed sub- 
ject only to the restriction that CA may never be less than BA. Fig. 
35 and Fig. 36 shows example of logical memory organizations as- 
sociated with different values of CA and BA. 



Common Area 1 



Common Area 1 



Common Area 1 



Common Area 1 



Bank Area 



Common Area 



Bank Area 



Common Area 



Common Area 1 
Lower limit address 

> 

Bank Area 

Lower limit address 

> 

OOOOH 



Common Area 1 
Lower limit address 

> 

Bank Area 

Lower limit address 

OOOOH 
(RESET condition) 



Common Area 1 
Lower limit address 

Bank Area 

Lower limit address 

> 

OOOOH 



Common Area 1 
Lower limit address 

Bank Area 

Lower limit address 

OOOOH 



Figure 35 Logical Memory Organization 



MMU Common/Bank Area Register 
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MMU Common/Bank Area Register 

4 







Da D2 Di Do 



4000H 
"3FFFH 

OOOOH 
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Figure 36 Logical Space Configuration (Example) 
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7.5 MMU Register Description 

(1) MMU Common/Banic Area Register (CBAR) 

CBAR specifies boundaries within the HD64180 64k bytes logi- 
cal address space for up to three areas, Common Area 0, Bank 
Area, and Common Area 1. 

MMU Common/Bank Area Register (CBAR . I/O Address = 3AH) 



7 


6 


5 


4 


3 


2 


1 





CA3 


CA2 


CA1 


CAO 


BA3 


BA2 


BA1 


BAO 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



CA3-CA0: CA (bits 7-4) 

CA specifies the start (low) address (on 4k bytes boundaries) for 
the Common Area 1. This also determines the last address of the 
Bank Area. All bits of CA are initialized to 1 during RESET 

BA3-BA0: BA (bits 3-0) 

BA specifies the start (low) ad(Jress (on 4k bytes boundaries) for 
the Bank Area. This also determines the last address of the Com- 
mon Area 0. All bits of BA are initialized to during RESET. 

(2) MMU Common Base Register (CBR) 

CBR specifies the base address (on 4k bytes boundaries) used to 
generate a 19-bit physical address for Common Area 1 accesses. All 
bits of CBR are initialized to during RESET. 



MMU Common Base 
7 6 5 


Register (CBR . I/O Address 
4 3 2 


= 38H) 
1 







CB6 


CBS 


CB4 


CBS 


CB2 


CB1 


CBO 




R/W 


RAW 


R/W 


R/W 


R/W 


R/W 


R/W 



(3) MMU Bank Base Register (BBR) 

BBR specifies the base address (on 4k bytes boundaries) used to 
generate a 19-bit physical address for Bank Area accesses. All bits of 
BBR are initialized to during RESET. 

MMU Bank Base Register (BBR . I/O Address = 39H) 



6 


5 


4 


3 


2 


1 





B66 


BBS 


BB4 


BB3 


BB2 


BB1 


BOO 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



7.6 Physical Address Translation 

Fig. 37 shows the way in which physical addresses are generated 
based on the contents of CBAR, CBR and BBR. MMU compara- 
tors classify an access by logical area as defined by CBAR. Depend- 
ing on which of the three potential logical areas (Common Area 1, 
Bank Area or Common Area 0) is being accessed, the appropriate 
7-bit base address is added to the upper 4 bits of the logical address, 
yielding a 19-bit physical address. CBR is associated with Common 
Area 1 accesses. Common Area accesses use a (n on -accessible, 
internal) base register which contains 0. Thus, Common Area 0, if 
defined, is always based at physical address OOOOOH. 



MMU Common/ 
Bank Area 
Register 



MMU Common/ 
Bank Area 
Register 



Da-Do 



MMU Common Ba 


se Reg 




MMU Bank i 


3ase 


Reg 

























Physical 
Address 
(512k) 



Figure 37 Physical Address Generation 
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7.7 MMU and RESET 

During RESET, all bits of the CA field of CBAR are set to 1 
while all bits of the BA field of CBAR, CBR, and BBR are cleared to 
0. The logical 64k bytes address space corresponds directly with the 
first 64k bytes (OOOOH to FFFFH) of the 512k bytes (OOOOOH to 
7FFFFH) physical address space. Thus, after RESET, the 
HD64180 will begin execution at logical and physical address 0. 

7.8 MMU Register Access Timing 

When data is written into CBAR, CBR, or BBR, the value will 
be effective from the cycle immediately following the I/O write cycle 
which updates these registers. 

Care must be taken during MMU programming to insure that 
CPU program execution is not disrupted. Observe that the next cy- 
cle following MMU register programming will normally be an op- 
code fetch from the newly translated address. One simple technique 
is to localize all MMU programming routines in a Common Area 
that is always enabled. 



8 DYNAMIC RAM REFRESH CONTROL 

The HD64180 incorporates a dynamic RAM refresh control cir- 
cuit including 8-bit refresh address generation and programmable 
refresh timing. This circuit generates asynchronous refresh cycles 
inserted at the programmable interval independent of CPU pro- 
gram execution. For systems which don't use dynamic RAM, the 
refresh function can be disabled. 

When the internal refresh controller determines that a refresh 
cycle should occur, the current instruction is interrupted at the first 
breakpoint between machine cycles. The refre sh cy cle is inserted by 
placing the refresh address on A0-A7 and the REF output is driven 
LOW. 

Refresh cycles may be programmed to be either two or three 
clock cycles in duration by programming the REFW (Refresh Wait) 
bit in Refresh Control Register (RCR). Note that the external 
WAIT input and the internal wait state generator are not effective 
during refresh 

Fig. 38 shows the timing of a refresh cycle with a refresh wait 
(Trw) cycle. 



MCi 



Refresh cycle 



MCi+1 



'Rl 



R2 



Refresh signal 
(Internal signal) 



Refresh address 



Ac— A7 



ME 



J — n 



REF 



NOTE: * If three refresh cycles are specified, Trw, is inserted. 
Otherwise, Tr^ 's not inserted. 
MC: Machine Cycle 

Figure 38 Refresh Timing 



8.1 Refresh Control Register (RCR) 

RCR specifies the interval and length of refresh cycles, as well as 
enabling or disabling the refresh function. 

Refresh Control Register (RCR. I/O Address = 36H) 
bit 765432 1 



REFE 


REFW 










CYC1 


CYCO 


R/W 


R/W 


R/W 


RAA/ 



REFE: Refresh Enable (bit 7) 

REFE = disables the refresh controller while REFE = 1 ena- 
bles refresh cycle insertion. REFE is set to 1 during RESET. 



REFW: Refresh Wait (bit 6) 

REFW = causes the refresh cycle to be two clocks in duration. 
REFW = 1 causes the refresh cycle to be three clocks in duration 
by adding a refresh wait cycle (Tr^)- REFW is set to 1 during RE- 
SET. 

CYC1, 0: Cycle Interval (bits 1-0) 

CYCl and CYCO specify the interval (in clock cycles) between 
refresh cycles. 

In the case of dynamic RAMs requiring 128 refresh cycles every 
2 ms (or 256 cycles every 4 ms), the required refresh interval is less 
than or equal to 15.625 ^s. Thus, the underlined values indicate the 
best refresh interval depending on CPU clock frequency. CYCO and 
CYCl are cleared to during RESET. 
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Table 4 Refresh Interval 



CYC1 


CYCO 


Insertion 
interval 


Time interval 


<f>: 10 MHz 


8 MHz 


6 MHz 


4 MHz 


2.5 MHz 








1 states 


(1.0 fisV 


(1.25 /xs)* 


1.66 /lis 


2.5 /AS 


4.0 /AS 





1 


20 states 


(2.0 /as)* 


(2 5 fis)' 


3.3 /AS 


5.0 /AS 


8.0 /AS 


1 





40 states 


(4.0 fjLsy 


(5.0 /Lis)* 


6.6 /AS 


10.0 /AS 


16.0 /AS 


1 


1 


80 states 


(8.0 us)* 


(100ms)* 


13 3 /AS 


20.0 /AS 


32.0 /AS 



* calculated interval 



8.2 Refresh control and reset 

After RESET, based on the initialized value of RCR, refresh cy- 
cles will occur with an interval of 10 clock cycles and be 3 clock cy- 
cles in duration. 

8.3 Dynamic RAM refresh operation notes 

(1) Refresh cycle insertion is stopped when the CPU is in the fol- 
lowing states. 

(a) During RESET 

(b) When the bus is released in response to BUSREQ 

(c) During SLEEP mode 

(d) During WAIT states 

(2) Refresh c ycles are s uppressed when the bus is released in re- 
sponse to BUSREQ. However, the refresh timer continues to 
operate. Thus, the time at which the first refresh cycle occurs 
after the HD64180 re-acquires the bus depends on the refresh 
timer, and has no timing relationship with the bus exchange. 

(3) Refresh cycles are suppressed during SLEEP mode. If a refresh 
cycle is requested during SLEEP mode, the refresh cycle re- 
quest is internally 'latched' (until replaced with the next re- 
fresh request). The 'latched' refresh cycle is inserted at the end 
of the first machine cycle after SLEEP mode is exited. After 
this initial cycle, the time at which the next refresh cycle will 
occur depending on the refresh time, and has no timing rela- 
tionship with the exit from SLEEP mode. 

(4) Regarding (2) and (3), the refresh address is incremented by 1 
for each successful refresh cycle, not for each refresh request. 
Thus, independent of the number of 'missed' refresh requests, 
each refresh bus cycle will use a refresh address incremented 
by 1 from that of the previous refresh bus cycles. 



9 WAIT STATE GENERATOR 
9.1 Wait State Timing 

To ease interfacing with slow memory and I/O devices, the 
HD64180 uses wait states (Tw) to extend bus cycle timing. A wait 
state (s) i s inser ted based on the combined (logical OR) state of the 
external WAIT input and an internal programmable wait state (Tw) 
generator. Wait states (Tw) can be inserted in both CPU execution 
and DMA transfer cycles. 



9.2 WAIT Input 

When the external WAIT input is asserted LOW, wait state 
(Tw) are inserted between Tg and Tg to extend the bus cycle dura- 
tion. The WAIT input i s samp led at the falling edge of the system 
clock in Tg or Tw. If the WAIT input is asserted LOW at the falling 
edge of the syst em cloc k in Tw, another Tw is inserted into the bus 
cycle. Note that WAIT input transitions must meet specified set-up 
and hold ti mes. T his can easily be accomplished by externally syn- 
chronizing WAIT input transitions with the rising edge of the sys- 
tem clock. 

Dynamic RAM refresh is not performed during wait states (Tw) 
and thus systems designs which uses the automatic refresh function 
must consider the affects of the occurrence and duration of wait 
states (Tw). 

Fig. 39 shows WAIT timmg. 



T2 Tw Tw T3 



WAIT 













1 1 


\ 



Figure 39 WAIT Timing 
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9.3 Programmable Wait State Insertion 

In addition to the WAIT input, wait states (Tw) can also be pro- 
grammably inserted using the HD64180 on-chip wait state gener- 
ator. Wait state (Tw) timing applies for both CPU execution and 
on-chip DM AC cycles. 

By programming the 4 significant bits of the DMA/WAIT Con- 
trol Register (DCNTL), the number of wait states (Tw) automat- 
ically inserted in memory and I/O cycles can be separately specified. 
Bits 4-5 specify the number of wait states (Tw) inserted for I/O ac- 
cess and bits 6-7 specify the number of wait states (Tw) inserted for 
memory access. 

DMA/WAIT Control Register 

(DCNTL I/O Address = 32H) 



The number of wait states (Tw) inserted i n a spe cific cycle is the 
maximum of the number requested by the WAIT input, and the 



number automatically generated by the on-chip wait state gener- 
ator. 

MWI1, MWIO: Memory Wait Insertion (bits 7-6) 

For CPU and DM AC cycles which access memory (including 
memory mapped I/O), to 3 wait states may be automatically in- 
serted depending on the programmed value in MWIl and MWIO. 



MWI1 


MWIO 


The number of wait states 














1 


1 


1 





2 


1 


1 


3 



IWI1, IWIO: I/O Wait Insertion (bits 5-4) 

For CPU and DMA cycles which access external I/O (and inter- 
rupt acknowledge cycles), 1 to 6 wait states (Tw) may be automat- 
ically inserted depending on the programmed value in IWIl and 
IWIO. 







The number of wait states 


IWIl 


IWIO 


For external I/O 
registers accesses 


For Internal I/O 
registers accesses 


For INT Interrupt 
acknowledge cy- 
cles when LIR Is 
LOW 


For INT^JNTgand 
internal interrupts 
acknowledge cy- 
cles 

(Note (2)) 


For NMI interrupt 
acknowledge cy- 
cles when LIR is 
LOW 
(Note (2)) 








1 




2 









1 


2 





4 


2 





1 





3 


(Noted)) 


5 


1 


1 


4 




6 







NOTE. (1 ) For HD641 80 internal I/O register access (I/O addresses 0000H-003FH), IWIl and IWIO do not determine wait state (Tw) timing For ASCI, CSI/ 
and PRT Data Register accesses, to 4 wait states (Tw) will be generated Wait states inserted during access to these registers is a function 
of internal synchronization requirements and CPU state 

All other on-chip I/O register accesses (i e MMU, DMAC, ASCI Control Registers, etc ) have wait states inserted and thus require only three 

clock cycles 

(2) For interrupt acknowledge cycles in which LIR is HIGH, such as interrupt vector table read and PC stacking cycle, memory access timing applies. 



9.4 WAIT Input and RESET 

During RESET, MWIl, MWIO, IWIl and IWIO are all set to 1, 
selecting the maximum number of wait states (Tw) (3 for memory 
accesses, 4 for external I/O a ccesses). 

Also, note that the WAIT input is ignored during RESET. For 



example, if RESET is detected while the HD64180 is in a wait state 
(Tw), the wait stated cycle m progress will be aborted, and the RE- 
SET s equence initiated. Thus, RESET has higher priority than 
WAIT. 
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10 DMA CONTROLLER (DM AC) 

The HD64180 contains a two channel DMA (Direct Memory 
Access) controller which supports high speed data transfer. Both 
channels (channel and channel 1) have the following capabilities. 

Memory Address Space 

Memory source and destination addresses can be directly speci- 
fied anywhere within the 5 1 2k bytes physical address space using 
19-bit source and destination memory addresses. In addition, 
memory transfers can arbitrarily cross 64k bytes physical address 
boundaries without CPU intervention. 

I/O Address Space 

I/O source and destination addresses can be directly specified 
anywhere within the 64k bytes I/O address space (16-bit source and 
destination I/O addresses). 

Transfer Length 

Up to 64k bytes can be transferred based on a 16-bit byte count 
register. 

DREQ Input 

Level and edge sense DREQ input detection are selectable. 
TEND Output 

Used to indicate DMA completion to external devices. 

Transfer Rate 

Each byte transfer can occur every six clock cycles. Wait states 
can be inserted in DMA cycles for slow memory or I/O devices. At 
the system clock (0) = 6 MHz, the DMA transfer rate is as high as 
1.0 megabytes/second (no wait states). 

Additional feature disk for DMA interrupt request by DMA 
END. 

Each channel has the following additional specific capabilities. 



Channel 

• Memory < — > memory, memory < — > I/O, memory < — > 
memory mapped I/O transfers 

• Memory address increment, decrement, no-change 

• Burst or cycle steal memory < — > memory transfers 

• DMA to and from both ASCI channels 

• Higher priority than DM AC channel 1 

Channel 1 

• Memory < — > I/O transfer 

• Memory address increment, decrement 

DMAC Registers 

Each channel of the DMAC (channel 0, 1) has three registers 
specifically associated with that channel. 

Channel 

SARO - Source Address Register 

DARO — Destination Address Register 

BCRO - Byte Count Register 

Channel 1 

MARl - Memory Address Register 

lARl - I/O Address Register 

BCRl - Byte Count Register 

The two channels share the following three additional registers 
in common. 

DSTAT - DMA Status Register 
DMODE - DMA Mode Register 
DCNTL - DMA Control Register 

10.1 DMAC Block Diagram 

Fig. 40 shows the HD64180 DMAC Block Diagram. 
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DMA Destination Address 
Register chO : DARO (19) 



DMA Byte Count 
Register chO : BCRO (16) 



DMA Memory Address 
Register Chi : MARl (19) 
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Figure 40 DMAC Block Diagram 
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10.2 DM AC Register Description 

(1) DMA Source Address Register Channel (SARO: I/O Ad- 
dress = 20H to 22H) 

Specifies the physical source address for channel transfers. The 
register contains 19 bits and may specify up to 512k bytes memory 
addresses or up to 64k bytes I/O addresses. Channel source can 
be memory, I/O or memory mapped I/O 

(2) DMA Destination Address Register Channel (DARO: I/O 
Address = 23H to 25H) 

Specifies the physical destination address for channel transfers. 
The register contains 19 bits and may specify up to 512k bytes 
memory addresses or up to 64k bytes I/O addresses. Channel de- 
stination can be memory, I/O or memory mapped I/O. 

(3) DMA Byte Count Register Channel (BCRO: I/O Address 
= 26H to 27H) 

Specifies the number of bytes to be transferred. This register 
contains 16 bits and may specify up to 64k bytes transfers. When 
one byte is transferred, the register is decremented by one. If ''n" 
bytes should be transferred, "n" must be stored before the DMA 
operation. 

(4) DMA Memory Address Register Channel 1 (MAR1: I/O 
Address = 28H to 2AH) 

Specifies the physical memory address for channel 1 transfers. 
This may be destination or source memory address. 
This register contains 19 bits and may specify up to 512k bytes 
memory addresses. 

(5) DMA I/O Address Register Channel 1 (IAR1 : I/O Address 
= 2BH to 2CH) 

Specifies the I/O address for channel 1 transfers. This may be 
destination or source I/O address. This register contains 16 bits and 
may specify up to 64k bytes I/O addresses. 

(6) DMA Byte Count Register Channel 1 (BCR1: I/O Address 
= 2EH to 2FH) 

Specifies the number of bytes to be transferred. This register 
contains 16 bits and may specify up to 64k bytes transfers. When 
one byte is transferred, the register is decremented by one. 

(7) DMA Status Register (DSTAT) 

DSTAT is used to enable and disable DMA transfer and DMA 
termination interrupts. DSTAT also allows determining the status 
of a DMA transfer i.e. completed or in progress. 



DMA Status Register (DSTAT I/O Address = 30H) 
3 2 



DEI 


DEO 






DIE1 


DIEO 




DME 


DWE1 


DWEO 


RAW 


R/W W W R/W RAW R 



DEI: DMA Enable Channel 1 (bit 7) 

When DEI = 1 and DME = 1, channel 1 DMA is enabled. 
When a DMA transfer terminates (BCRl = 0), DEI is reset to 
by the DMAC. When DEI = and the DMA interrupt is enabled 
(DIEl = 1), a DMA interrupt request i s made to the CPU. 

To perform a software write to DEI, DWEl should be written 
with during the same register write access. Writing DEI to disa- 
bles channel 1 DMA, but DMA is restartable. Writing DEI to 1 
enables channel 1 DMA and automatically sets DME (DMA Main 
Enable) to 1. DEI is cleared to during RESET. 

DEO: DMA Enable Channel (bit 6) 

When DEO = 1 and DME = 1, channel DMA is enabled. 
When a DMA transfer terminates (BCRO = 0), DEO is cleared to 
by the DMAC. When DEO = and the DMA interrupt is enabled 



(DIEO = 1), a DMA interrupt request i s made to the CPU. 

To perform a software write to DEO, DWEO should be written 
with during the same register write access. Writing DEO to disa- 
bles channel DMA. Writing DEO to 1 enables channel DMA 
and automatically sets DME (DMA Main Enable) to 1. DEO is 
cleared to during RESET. 



DWEl : DEI Bit Write Enable (bit 5) , 

When performing any software wri te to D EI, DWEl should be 
written wi th du ring the same access. DWEl write value of is not 
held and DWEl is always read as 1. 



DWEO: DEO Bit Write Enable (bit 4) 

When performing any software wri te to D EO, DWEO should be 
written w ith du ring the same access. DWEO write value of is not 
held and DWEO is always read as 1 . 

DIEl : DMA interrupt Enable Channel 1 (bit 3) 

When DIEl is set to 1, the termination of channel 1 DMA trans- 
fer (indicated when DEI = 0) causes a CPU interrupt request to be 
generated. When DIEl = 0, the channel 1 DMA termination inter- 
rupt is disabled. DIEl is cleared to during RESET. 

DIEO: DMA Interrupt Enable Channel (bit 2) 

When DIEO is set to 1, the termination channel of DMA trans- 
fer (indicated when DEO = 0) causes a CPU interrupt request to be 
generated. When DIEO = 0, the channel DMA termination inter- 
rupt is disabled. DIEO is cleared to during RESET. 

DME: DMA Main Enable (bit 0) 

A DMA operation is only enabled when its DE bit (DEO for 
channel , DE I for channel 1) and the DME bit are set to 1. 

When NMI occurs, DME is reset to 0, thus disabling DMA ac- 
tivity during the NMI interrupt service routine. To restart DMA, 
DEO and/or DEI should be written with 1 (even if the contents are 
already 1). This automatically sets DME to 1, allowing DMA opera- 
tions to continu e. No te that DME cannot be directly written. It is 
cleared to by NMI or indirectly set to 1 by setting DEO and/or 
DEI to 1. DME is cleared to during RESET. 

(8) DMA Mode Register (DMODE) 

DMODE is used to set the addressing and transfer mode for 
channel 0. 



DMA Mode Register (DMODE I/O Address = 
6 5 4 3 2 



31 H) 







DM1 


DMO 


SMI 


SMO 


MMOD 






RA/V 


RAW 


RAW 


RAA/ 


RA^ 



DM1, DMO: Destination Mode Channel (bits 5, 4} 

Specifies whether the destination for channel transfers is 
memory, I/O or memory mapped I/O and the corresponding ad- 
dress modifier. DM1 and DMO are cleared to during RESET. 

Table 5 Destination 



DM1 DMO 


Memory/I/O 


Address 
Increment/Decrement 





Memory 


+ 1 


1 


Memory 


-1 


1 


Memory 


fixed 


1 1 


I/O 


fixed 
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SMI, SMO: Source Mode Channel (bits 3, 2) 

Specifies whether the source for channel transfers is memory, 
I/O or memory mapped I/O and the corresponding address 
modifier. SM 1 and SMO are cleared to during RESET. 

Table 7 shows all DMA transfer mode combinations of DM0, 
DM1, SMO, SMI. Since I/O < > I/O transfers are not imple- 
mented, twelve combinations are available. 



Table 6 Source 



SMI SMO 


Memory/I/O 


Address 
Increment/Decrement 





Memory 


+ 1 


1 


Memory 


~1 


1 


Memory 


fixed 


1 1 


I/O 


fixed 



Table 7 Combination of Transfer Mode 



0M1 


DM0 


SMI 


SMO 


Transfer Mode 


Address 
Increment/Decrement 














Memory— ►Memory 


SAR0+1,DAR0+1 











1 


Memory—Memory 


SAR0-1,DAR0+1 








1 





Memory*— ►Memory 


SARO fixed, DARO+ 1 








1 


1 


I/O—Memory 


SARO fixed, DARO-f- 1 





1 








Memory— ►Memory 


SARO+1, DARO-1 





1 





1 


Memory— ►Memory 


SAR0-1,DAR0-1 





1 


1 





Memory*— ►Memory 


SARO fixed, DARO-1 





1 


1 


1 


I/O—Memory 


SARO fixed, DARO- 1 













Memory— ►Memory* 


SARO+1, DARO fixed 










1 


Memory— ►Memory* 


SARO- 1. DARO fixed 







1 





reserved 









1 


1 


reserved 






1 








Memory— ►I/O 


SARO+1, DARO fixed 




1 





1 


Memory— I/O 


SARO- 1, DARO fixed 




1 


1 





reserved 






1 


1 


1 


reserved 





* : includes memory mapped I/O 



MMOD: Memory Mode Channel (bit 1) 

When channel is configured for memory < — > memory 
transfers, the external DREQq input is not used to control the trans- 
fer timing. Instead, two automatic transfer timing modes are selec- 
table - burst (MMOD = 1) and cycle steal (MMOD = 0). For 
burst memory < — > memory transfers, the DM AC will sieze con- 
trol of the bus continuously until the DMA transfer completes (as 
shown by the byte count register = 0). In cycle steal mode, the 
CPU is given a cycle for each DMA byte transfer cycle urttil the 
transfer is completed. _____ 

For channel DMA with I/O source or destination, the DREQ^ 
input times the transfer and thus MMOD is ignored. MMOD is 
cleared to during RESET. 

DMA/WAIT Control Register (DCNTL) 

DCNTL controls the insertion of wait states into DMAC (and 
CPU ) acces se s of me mory o r I/O. Also, the DMA request mode for 
each DREQ (DREQo and DREQj) input is defined as level or edge 
sense. DCNTL also sets the DMA transfer mode for channel 1, 
which is limited to memory < — > I/O transfers. 

DMA/WAIT Control Register (DCNTL I/O Address = 32H) 



bit 


7 


6 


5 


4 


3 


2 


1 







MWI1 


MWK) 


IWS1 


IWK) 


DMS1 


DMSO 


DIM1 


DIMO 




R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



MWil, MWIO: Memory Wait Insertion (bits 7-6) 

Specifies the number of wait states introduced into CPU or 
DMAC memory access cycles. MWIl and MWIO are set to 1 during 
RESET. See section of Wait State Control for details. 



IWI1, IWIO: I/O Wait Insertion (bits S-4) 

Specifies the number of wait states introduced into CPU or 
DMAC I/O access cycles. IWIl and IWIO are set to 1 during RE- 
SET. See section of Wait State Control for details. 

DMS1, DMSO: DMA Request Sense (bits 3-2) 

DMS l and DMSO speci fy the D MA request sense for channel 
(DREQo) and channel 1 (DREQ,) respectively. When reset to 0, 
the input is level sense. When set to 1, the input is edge sense. 
DMSl and DMSO are cleared to during RESET. 

DiMI, DIMO: DMA Channel 1 I/O and Memory Mode (bits 1-0) 

Specifies the source/destination and address modifier for chan- 
nel 1 memory < — > I/O transfer modes. IMl and IMO are cleared 
to during RESET. 

Table 8 Channel 1 Transfer Mode 



DIMI DIMO 


Transfer Mode 


Address 
Increment/ Decrement 




1 

1 
1 1 


Memory— ►I/O 
Memory— I/O 
I/O—Memory 
I/O—Memory 


MAR1+1,IAR1 fixed 
MAR1-1,IAR1 fixed 
IAR1 fixed, MAR1 + 1 
IAR1 fixed, MAR1-1 



10.3 DMA Operation 

This section discusses the three DMA operation modes for 
channel 0, memory < — > memory, memory < — > I/O and 
memory < — > memory mapped I/O. In addition, the operation of 
channel DMA with the on-chip ASCI (Asynchronous Serial 
Communication Interface) as well as Channel 1 DMA are de- 
scribed. 
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(1) Memory 

For memory 



Memory — Channel 



> memory transfers, the external DREQ^ 
input is not used for DMA transfer timing. Rather, the DMA oper- 
ation is timed in one of two programmable modes — burst or cycle 
steal. In both modes, the DMA operation will automatically pro- 
ceed until termination as shown by byte count (BCRO) = 0. 

In burst mode, the DMA operation will proceed until termma- 
tion. In this case, the CPU cannot perform any program execution 



until the DMA operation is completed. 

In cycle steal mode, the DMA and CPU operation are alternated 
after each DMA byte transfer until the DMA is completed. The se- 
quence ... 

/ 1 CPU Machine Cycles 
\ DMA Byte Transfer J 

. is repeated until DMA is completed. Fig. 41 shows cycle steal 
mode DMA timmg. 



Previous 
DMA cycle 



CPU cycle DMA cycle (transfer 1 byte) CPU cycle DMA cycle 



T, T2 Ta Ti T2 Ta Ti I2 T3 Ti T2 T3 Ti T2 

* rLjmjmnjijmnrLnrLrLrL 



Address" 



LD g,m Source Destination LD g,m 

op-code address nnemory address memory address operand address 



X 



ME 



RD 



A rv 




\ r 

LD g,m Read data Wnte data 

CD dX 



Figure 41 Cycle Steal Mode DMA Timing 



To initiate memory < — > memory DMA transfer for channel 
0, perform the following operations. 

® Load the memory source and destination addresses into SARO 
and DARO. 

(2) Specify memory < — > memory mode and address incre- 
ment/decrement in the SMO, SMI, DM0 and DM1 bits of 
DMODE. 

(D Load the number of bytes to transfer in BCRO. 

Specify burst or cycle steal mode i n the MMOD bit of DCNTL. 

(D Program DEO = 1 (with DWEO = in the same access) in 
DSTAT and the DMA operation will start 1 machine cycle 
later. If interrupt occurs at the same time, the DIEO bit should 
be set to 1 . 



(2) Memory < — > I/O (Memory Mapped I/O) - Channel 

For memory < — > I/O (and memory < — > memory mapped 
I/O) the DREQo input is used to time the DMA transfers. In addi- 
tion, the TENDq (Transfer End) output is used to indicate the last 
(byte c ount reg ister BCRO = OOH) transfer. 

The DREQo input can be programmed as level or edge sensitive. 

W hen lev el sense is programm ed, the DMA operation begins 
when DREQo is sampled LOW. If DREQo is sampled HIGH, after 
the next DMA byte transfer, con trol is relinquished to the 
HD64180 CPU. As shown in Fig. 42. DREQo is sampled at the ris- 
ing edge of the clock cycle prior to T3 i.e. either Tg or Tw. 



DMA Write Cycle ^ | CPU Machine Cyclej^DMA Read Cycle ^j^ DMA Write Cycle (I/O) 

Tw Tw T3 Ti T2 T3 Ti T2 T3 Ti T2 Tw Tw T3 Ti T2 



1- . . r 



*• DREQo is sampled at J 



Figure 42 CPU Op eration and DMA Operation 

(DREQo programmed for level sense) 
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When edge sense i s programmed, DMA operation begins at the 
falling edge of DREQo- If another falling edge is detected before the 
rising edge of the clock prior to Tg during DMA write cycle (i.e. 
or Tw), the DMAC continues operating. If an edge is not detected, 
the CPU is given control after the current byte DMA transfer com- 



pletes. The CPU will continue operating until a DREQo falling edge 
is detected before the rising edge of the clock prior to Tg at which 
time the DMA operation will (re)start. Fig. 43 shows the edge sen- 
se DMA timing. 



DMA write cycle 



CPU machine | DMA read 
cycle I cycle 



DMA write cycle 



CPU machine j 
cycle 



Tw T3 Ti T2 T3 Ti T2 Ta Ti T2 Tw T3 Ti T2 Ta 

* JmJ1JIJ^^JlJlJli^^^ 



DREQo 



* DREQo is sampled at |. 



Figure 43 CPU O peration and DMA Operation 

(DREOq is programmed for edge sense) 



During the transfers for channel 0, the TEND^ output will go 
LOW synchronous with the write cycle of the last (BCRO = OOH) 



DMA transfer as shown in Fig. 44. 

Last DMA cycle (BCRO = OOH) 



DMA read cycle 



DMA write cycle 



* _r 



T2 



Ti T2 



Tw 



T3 



Figure 44 TENDq Output Timing 



The DREQo ^"d TEND,, pins are programmably multiplexed 
With the CKAO and CKAl ASCI clock input/outputs. However, 
when DMA channel is programmed for memory < > I/ O (and 
memory < — > memory mapped I/O) transfers, the CKAO/DRE- 
Qo pin automatically functions as input pin even if it h as been pro- 
grammed as output pin for CKAO. And the CKAl/TENDo pin 
functions as output pin for TEND^ by setting CKAID to 1 in 
CNTLAl. 

To initiate memory < — -> I/O (and memory < — > memory 
mapped I/O) DMA transfer for channel 0, perform the following 
operations. 

(1) Load the memory and I/O or memory mapped I/O source and 
destination addresses into SARO and D ARO. Note that I/O ad- 
dresses (not memory mapped I/O) are limited to 16 bits (A^- 
Aj.). Make sure that bits A,f, and A17 are (Aj^ is a don't 
care) to correctly enable the external DREQo input. 

(2) Specify memory < — > I/O or memory < — -> memory map- 
ped I/O mode and address increment/decrement in the SMO, 
SMI, DM0, and DM1 bits of DMODE. 

(D Load the numb er of byt es to transfer in BCRO. 

® Specify whether DREQo is edge or level sense by programming 

the DMSO bit of DCNTL. 
(D Enable or disable DMA termination interrupt with the DIEO 

bit in DSTAT. 

(D Program DEO = 1 (with DWEO = in the same access) in 



DSTA T and t he DMA operation will begin under the control 
of the DREQo input. 

(3) Memory < — > ASCI - Channel 

Channel has extra capability to support DMA transfer to and 
from the on-chip two channel ASCI. In this case the external DRE- 
Qo input is not used for DMA timi ng. Rat her, the ASCI status bits 
are used to generate an internal DREQo. The TDRE (Transmit 
Data Register Empty) bit and the RDRF (Receiv e Data Register 
Full) bit are used to generate an internal DREQo for ASCI trans- 
mission and reception respectively. 

To initiate memory < — > ASCI DMA transfer, perform the 
following operations. 

® Load the source and destination addresses into SARO and 
DARO. Specify the I/O (ASCI) address as follows. 
Bits A0-A7 should be contain the address of the ASCI channel 
transmitter or receiver (I/O addresses 06H-09H). 
Bits Ag-Ajs should equal 0. 

Bits Ai7-Aie should be set according to the following table to 
enable use of the appropriate ASCI status bit as an internal 
DMA request. 
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Tables DMA Request 



SARI 8 


SARI 7 


SARI 6 


DMA Transfer Request 


X 








DREQo 


X 





1 


RDRF (ASCI channel 0) 


X 


1 





RDRF (ASCI channel 1) 


X 


1 


1 


reserved 



X Ddn'tcare 



DAR18 


DAR17 


DAR16 


DMA Transfer Request 


X 








DREQq 


X 





1 


TORE (ASCI channel 0) 


X 


1 





TDRE (ASCI channel 1) 


X 


1 


1 


reserved 



X Don't care 

(2) Specify memory < — > I/O transfer mode and address incre- 
ment/decrement m the SMO, SMI, DM0 and DM1 bits of 
DMODE. 

(3) Load the number of bytes to transfer in BCRO. 

® The DMA request sense mode (DMSO bit m DCNTL) MUST 

be specified as 'edge sense'. 
(D Enable or disable DMA termination interrupt with the DIEO 

bit in DSTAT 

(D Program DEO = 1 (with DWEO = in the same access) in 
DSTAT and the DMA operation with the ASCI will begin 
under control of the ASCI generated internal DMA request. 
The ASCI receiver or transmitter being used for DMA must be 
initialized to allow the first DMA transfer to begin. 

The ASCI receiver must be 'empty' as shown by RDRF = 0. 
The ASCI transmitter must be 'full' as shown by TDRE = 0. 
Thus, the first byte should be written to the ASCI Transmit Data 
Register under program control. The remaining bytes will be trans- 
ferred using DMA. 

(4) Channel 1 DMA 

DMAC Channel 1 can perform memory < — > I/O transfers. 
Except for different registers and status/control bits, operation is 
exactly the same as described for channel memory < — > I/O 
DMA. 

To initiate DMA channel 1 memory < — > I/O transfer per- 
form the following operations. 
® Load the memory address (19 bits) into MARl. 

(2) Load the I/O address (16 bits) into lARl. 

(3) Program the source/destination and address increment/decre- 
ment mode usi ng the D IMl and DIMO bits in DCNTL. 

® Specify whether DREQj is level or edge sense in the DMSl bit 



DE1 
DIE1 



DEO 
DIEO 



Q 
Q 



in DCNTL. 

(5) Enable or disable DMA termination interrupt with the DIEl 
bit in DSTAT. 

(D Program DEI = 1 (with DWEl = in the same access) in 
DSTAT and the DMA oper ation wi th the ext ernal I/ O device 
will begin using the external DREQ, input and TEND, output. 

10.4 DMA Bus Timing 

When memory (a nd m emory mapped I/O) is specified as a 
source or destination, ME goes LOW during the mem ory access. 
When I/O is specified as a source or destination, lOE goes LOW 
during the I/O access. 

When I/O (and memory mapped I/O) is specified as a so urce or 
destination, t he DM A timing is controlled by the external DREQ 
input and the TEND output indicates DMA termination. Note that 
external I/O devices may not overlap addresses with internal I/O 
and control registers, even using DMA. 

For I/O accesses, 1 wait state is automatically inserted. Addi- 
tional wait states can be inserted by pr ogramm ing the on-chip wait 
state generator or using the external WAIT input. Note that for 
memory mapped I/O accesses, this automatic I/O wait state is not 
inserted. 

For memory to memory transfers (channel only), the external 
DREQo input is ignored. Automatic DMA timing is programmed as 
either burst or cycle steal. 

When a DMA memory address carry/borrow between bits A, 5 
and A16 of the address bus occurs (when crossing 64k bytes bound- 
aries), the minimum bus cycle is extended to four clocks by auto- 
matic insertion of one internal Ti state. 

10.5 DMAC Channe l Priorit y 



For simultaneous DREQ^ and DREQ, requests, channel has 
priority over channel 1 . When channel is performing a memory 
< — > memory transfer, channel 1 cannot operate until the chan- 
nel operation has terminated. If channel 1 is operating, channel 
cannot operate until channel 1 releases control of the bus. 



10.6 D MAC and BU SREQ, BU SACK 

The BUSREQ and BUSACK inp uts allow a noth er bus mas ter to 
take control of the HD64180 bus. BUSREQ and BUSACK have 
priority over the on-chip DMAC and will suspend DMAC opera- 
tion. The DMAC releases the bus to the external bus master at the 
breakpoint of the DMAC memory or I/O access. Since a single byte 
DMAC transfer requires a read and a write cycle, it is possible for 
the DMAC to be suspended after the DMAC read, but before the 
DMAC write. Eve n in this ca se, when the external master releases 
the HD64180 bus (BUSREQ HIGH), the on-chip DMAC will cor- 
rectly continue the suspended DMA operation. 

10.7 DMAC internal Interrupts 

Fig. 45 illustrates the internal DMA interrupt request generation 
circuit. 



IEF1 



DMA ch1 Interrupt 
Request 



DMA chO Interrupt 
Request 



Figure 45 DMAC Interrupt Request Circuit Diagram 
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DEO and DEI are automatically cleared to by the HD64180 at 
the completion (byte count = 0) of a DMA operation for channel 
and channel 1 respectively. They remain until a 1 is written. Since 
DEO and DEI use level sense, an interrupt will occur if the CPU 
lEFj flag is set to 1. Therefore, the DMA termination interrupt 
service routine should disable further DMA interrupts (by pro- 
gramming the channel DIE bit = 0) before enabling CPU inter- 
rupts (i.e. lEFi is set to 1). After reloading the DM AC address and 
count registers, the DIE bit can be set to 1 to reenable the channel 
interrupt, and at the same time DMA can resume by programming 
the channel DE bit = I . 



10. 8 DM AC and fml 

NMI, unlike all other interrupts, automatically disab les D M AC 
operation by clearing the DME bit of DSTAT. Thus, the NMI inter- 
rupt service routine may respond to time critical events without 
delay due to DMAC bus usage. Also, NMI can be effectively used 
as an external DMA abort input, recognizing that both channels are 
suspended by the cleari ng of DME. 

If the falling edge of NMI occurs before the falling clock of the 
state prior to Tg (Tg or Tw) of the DMA write cycle, the DMAC will 
be suspended and the CPU will start the NMI response at the end of 
the current cycle. 

By setting a channels DE bit to 1, that channels operation can be 
restarted, and DM A will correctly resume from the point at which it 
was suspended by NMI. See Fig. 46 for details. 



DMA read cycle 



DMA write cycle 



CPU machine cycle 



T3 



Ti 



T3 



TsIMT 



DME="0" (DMA Stop) 



Figure 46 ISiMI and DMA Operation 



10.9 DMAC and RESET 

During RESET the bits in DSTAT, DMODE, and DCNTL are 
initialized as stated in their individual register descriptions. Any 
DMA operation in progress is stopped allowing the CPU to use the 



bus to perform the RESET sequence. However, the address register 
(SARO, DARO, MARl, lARl) and byte count register (BCRO, 
BCRl) contents are not changed during RESET. 
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11 ASYNCHRONOUS SERIAL COMMUNICATION INTER- 
FACE (ASCI) 

The HD64180 on-chip ASCI has two independent full duplex 
channels. Based on full programmability of the following functions, 
the ASCI can directly communicate with a wide variety of standard 
UARTs (Universal Asynchronous Receiver/Transmitter) includ- 
ing the HD6350 CMOS ACIA and the Serial Communication In- 
terface (SCI) contained on the HD6301 series CMOS single chip 
controllers. 

The key functions for ASCI are shown below. Each channel is 
independently programmable. 

• Full duplex communication 

• 7- or 8-bit data length 

• Program controlled 9th data bit for multiprocessor communica- 



tion 

• 1 or 2 stop bits 

• Odd, even, no parity 

• Parity, overrun, framing error detection 

• Programmable baud rate generator, /1 6 and /64 modes 

Speed to 38.4k bits per second (CPU fc = 6.144 MHz) 

• Modem control signals - Channel has DCDo, CTS© and RTSo 
Channel 1 has CTS, 

• Programmable interrupt condition enable and disable 

• Operation with on-chip DMAC 

11.1 ASCI Block Diagram 

Fig. 47 shows the ASCI Block Diagram. 



<: 



Internal Address/Data Bus 



Interrupt Request 



TXAo — 

RXAo^ 

RTS^- 
CTS^- 

DCD^- 



ASCI Transmit Shift Register' 
ch : TSRO (8) 



ASCI Transmit Data Register 
chO:TDRO (8) 



ASCI Receive Data Register 
ch : RDRO (8) 



ASCI Receive Shift Register* 
ch : RSRO (8) 



ASCI Control Register A 
ch : CNTLAO (8) 



ASCI Control Register B 
ch : CNTLBO (8) 



ASCI Status Register 
ch . STATO (8) 




ASCI Transmit Data Register 
chl :TDR1 (8) 



ASCI Transmit Shift Register' 
chl :TSR1 (8) 



-* TXAi 



ASCI Receive Data Register 
ch 1 . RDR1 (8) 



ASCI Receive Shift Register* 
ch 1 : RSR1 (8) 



- RXAi 



ASCI Control Register A 
ch 1 : CNTLA1 (8) 



ASCI Control Register B 
ch 1 : CNTLB1 (8) 



ASCI Status Register 
ch 1 : STAT1 (8) 



- CTSi 



CKAo- 



CKAi 



Baud Rate 
Generator 



Baud Rate 
Generator 1 



•Not program Accessible 



Figure 47 ASCI Block Diagram 



11.2 ASCI Register Description 

(1) ASCI Transmit Shift Register 0, 1 (TSRO, 1) 

When the ASCI Transmit Shift Register receives data from the 
ASCI Transmit Data Register (TDR), the data is shifted out to the 
TXA pin. When transmission is completed, the next byte (if availa- 
ble) is automatically loaded from TDR into TSR and the next trans- 
mission starts. If no data is available for transmission, TSR idles by 
outputting a continuous HIGH level. This register is not program 
accessible. 

(2) ASCI Transmit Data Register 0, 1 (TDRO. 1 : I/O Address = 
06H, 07H) 

Data written to the ASCI Transmit Data Register is transferred 
to the TSR as soon as TSR is empty. Data can be written to while 
TSR is shifting out the previous byte of data. Thus, the ASCI trans- 
mitter is double bufferred. 

Data can be written into and read from the ASCI Transmit Data 
Register. 

If data is read from the ASCI Transmit Data Register, the ASCI 



data transmit operation won't be affected by this read operation. 

(3) ASCI Receive Shift Register 0, 1 (RSRO, 1) 

This register receives data shifted in on the RXA pin. When full, 
data is automatically transferred to the ASCI Receive Data Register 
(RDR) if it is empty. If RSR is not empty when the next incoming 
data byte is shifted in, an overrun error occurs. This register is not 
program accessible. 

(4) ASCI Receive Data Register 0, 1 (RDRO, 1 : I/O Address = 
OSH, 09H) 

When a complete incoming data byte is assembled in RSR, it is 
automatically transferred to the RDR if RDR is empty. The next in- 
coming data byte can be shifted into RSR while RDR contains the 
previous received data byte. Thus, the ASCI receiver is double 
buffered. 

The ASCI Receive Data Register is read-only-register. 
However, if RDRF = 0, data can be written into the ASCI Re- 
ceive Data Register, and the data can be read. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 4 8 5 



HD64180R/Z 



(5) ASCI Status Register 0, 1 (STATO, 1) 

Each channel status register allows interrogation of ASCI com- 
munication, error and modem control signal status as well as enab- 
ling and disabling of ASCI interrupts. 

ASCI Status Register (STATO I/O Address = 04H) 
bit 7 6 5 4 3 2 1 



is set to 1 in lOSTOP mode and during RESET. When the external 
CTS input is HIGH, TDRE is reset to 0. 

TIE: Transmit Interrupt Enable (bit 0) 

TIE should be set to 1 to enable ASCI transmit interrupt re- 
quests. If TIE = 1, an interrupt will be requested when TDRE = 1. 
TIE is cleared to during RESET. 



R 


R 


R 


R 


R/W 


R 


R 


R/W 


t 7 


ASCI Status Register 1 (STAT1 I/O Address 
6 5 4 3 2 


= 05H) 
1 





RDRF 


OVRN 


PE 


FE 


RIE 


CTS IE 


TDRE 


TIE 


R 


R 


R 


R 


R/W 


R/W 


R 


R/W 



RDRF: Receive Data Register Full (bit 7) 

RDRF is set to 1 when an incoming data byte is loaded into 
RDR. Note that if a framing or parity error occurs, RDRF is still set 
and the receive data (which generated the error) is still loade d into 
RDR. RDRF is cleared to by reading RDR, when the DCD^ input 
is HIGH, in lOSTOP mode and during RESET. 



• ASCI Control Register AO, 1 (CNTLAO, 1) 

Each ASCI channel Control Register A configures the major op- 
erating modes such as receiver/transmitter enable and disable, data 
format, and multiprocessor communication mode. 

ASCI Control Register A (CNTLAO I/O Address = OOH) 



7 


6 


5 


4 


3 


2 


1 





MPE 


RE 


TE 


"RtS^ 


MPBR/ 
EFR 


M0D2 


MODI 


MODO 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


ASCI Control Register A 1 (CNTLAI I/O Address = 01 H) 


7 


6 


5 


4 


3 


2 


1 





MPE 


RE 


TE 


CKA1D 


MPBR/ 
EFR 


M0D2 


MODI 


MODO 



OVRN: Overrun Error (bit 6) 

OVRN is set to 1 when RDR is full and RSR becomes full. 
OVRN is cleared to when t he EF R bit (Error Flag Reset) of 
CNTLA is written to 0, when DCDq is HIGH, in lOSTOP mode 
and during RESET. 

PE: Parity Error (bit 5) 

PE is set to 1 when a parity error is detected on an incoming data 
byte and ASCI parity detection is enabled (the MODI bit of 
CNTLA is set to 1). PE is cleared to w hen th e EFR bit (Error Flag 
Reset) of CNTLA is written to 0, when DCD^ is HIGH, in lOSTOP 
mode and during RESET. 

FE: Framing Error (bit 4) 

If a receive data byte frame is delimited by an invalid stop bit (i.e. 
0, should be 1), FE is set to 1. FE is cleared to w hen th e EFR bit 
(Error Flag Reset) of CNTLA is written to 0, when DCD,, is HIGH, 
in lOSTOP mode and during RESET. 

RIE: Receive Interrupt Enable (bit 3) 

RIE should be set to 1 to enable ASCI receive interrupt requests. 
When RIE to 1, if any of the flags RDRF, OVRN, PE, FE become 
set to 1 an interrupt request is generated. For channel 0, an inter- 
rupt will also be generated by the transition of the external DCD^ 
input from LOW to HIGH. RIE is cleared to during RESET. 

DCDq: Data Carrier Detect ( bit 2 S TATO) 

Channel h as an external DCD^ input pin. The DCDf, bit is set 
to 1 when the DCD,, input is HIGH. It is cleared to on th e first 
read of STATO following the HI GH to LOW transition of DCDo 
input and during RESET. When DCD^ = 1, receiver unit is reset 
and receiver operation is inhibited. 

CTSIE: Channel 1 CTS Enable (bit 2 ST ATI) 

Channel 1 has an external CTS, input which is multiplexed with 
the receive data pin (RXS) for the C SI/0 (Clocked Serial I/O Port). 
Setting CTSIE to 1 selects the CTS, function and clearing CTSIE to 
selects the RXS function. 

TDRE: Transmit Data Register Empty (bit 1) 

TDRE = 1 indicates that the TDR is empty and the next trans- 
mit data byte can be written to TDR. After the byte is written to 
TDR, TDRE is cleared to until the ASCI transfers the byte from 
the TDR to the TSR, at which time TDRE is again set to 1. TDRE 



MPE: Multi Processor Mode Enable (bit 7) 

The ASCI has a multiprocessor communication mode which 
utilizes an extra data bit for selective communication when a num- 
ber of processors share a common serial bus. Multiprocessor data 
format is selected when the MP bit in CNTLB is set to 1. If multi- 
processor mode is not selected (MP bit in CNTLB = 0), MPE has 
no effect. If multiprocessor mode is selected, MPE enables or disa- 
bles the 'wake-up' feature as follows. If MPE is set to 1, only re- 
ceived bytes in which the MPE (multiprocessor bit) = 1 can affect 
the RDRF and error flags. Effectively, other bytes (with MPB = 0) 
are 'ignored' by the ASCI. If MPE is reset to 0, all bytes, regardless 
of the state of the MPB data bit, affect the RDRF and error flags. 
MPE is cleared to during RESET. 

RE: Receiver Enable (bit 6) 

When RE is set to 1, the ASCI receiver is enabled. When RE is 
cleared to 0, the receiver is disabled and any receive operation in 
progress is interrupted. However, the RDRF and error flags are not 
reset and the previous contents of RDRF and error flags are held. 
RE is cleared to in lOSTOP mode and during RESET. 

TE: Transmitter Enable (bit 5) 

When TE is set to 1, the ASCI transmitter is enabled. When TE 
is cleared to 0, the transmitter is disabled and any transmit opera- 
tion in progress is interrupted. However, the TDRE flag is not reset 
and the previous contents of TDRE are held. TE is cleared to in 
lOSTOP mode and during RESET. 

RTSq ~ Request to Send Channel (bit 4 in CNTLAO) 

When RTSq is cleared t o 0, th e RTSo output pin will go LOW. 
When RTSo is set to 1, the RTS^ output immediately goes HIGH. 
RTSo is set to 1 during RESET. 

CKA1D: CKA1 Clock Disable (bit 4 in CNTLAI) 

When CKAlDis set to 1, the multiplexed CKAl/TENDo pin is 
used for the TEN Do function. When CKAID = 0, the pin is used 
as CKAl, an external data clock input/output for channel 1. 
CKAID is cleared to during RESET. 

MPBR/EFR: Multiprocessor Bit Receive/Error Flag Reset (bit 
3) 

When multiprocessor mode is enabled (MP in CNTLB = 1), 
MPBR, when read, contains the value of the MPB bit for the last re- 
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ceive operation. When written to 0, the EFR function is selected to 
reset all error flags (OVRN, FE and PE) to 0. MPBR/EFR is 
undefined during RESET. 

M0D2, 1,0: ASCI Data Format Mode 2, 1, (bits 2-0) 

These bits program the ASCI data format as follows. 
M0D2 

= — 7 bit data 

= 1 — 8 bit data 
MODI 

= — » No parity 

= 1 — Parity enabled 
MODO 

= 1 stop bit 

= 1 — 2 stop bits 
The data formats available based on all combinations of MOD2, 
MODI and MODO are shown in Table 10. 



Table 1 Combination of Data Format 



M0D2 MODI MODO 


Data Format 



1 
1 

1 1 

1 
1 1 
1 1 
1 1 1 


Start+7 bitdata+ 1 stop 
Start + 7 bit data+ 2 stop 
Start + 7 bit data+ parity 4- 1 stop 
Start4- 7 bit data-f- parity-l- 2 stop 
Start+8 bitdata+ 1 stop 
Start+ 8 bit data+ 2 stop 
Start+ 8 bit data+ parity + 1 stop 
Start4- 8 bit data+ parity + 2 stop 



(6) ASCI Control Register BO, 1 (CNTLBO, 1) 

Each ASCI channel control register B configures multiprocessor 
mode, parity and baud rate selection. 



ASCI Control Register B (CNTLBO : I/O Address = 02H) 
ASCI Control Register B 1 (CNTLB1 . I/O Address = 03H) 
bit 765432 1 



MPBT 


MP 


CTS/ 
PS 


PEO 


DR 


882 


881 


880 


R/W 


R/W 


R/W 


R/W 




R/W 


WW 





MPBT: Multiprocessor Bit Transmit (bit 7) 

When multiprocessor communication format is selected (MP bit 
= 1), MPBT is used to specify the MPB data bit for transmission. If 
MPBT = 1, then MPB = 1 is transmitted. If MPBT = 0, then 
MPB = is transmitted. MPBT state is undefined during and after 
RESET. 

MP: Multiprocessor Mode (bit 6) 

When MP is set to 1, the data format is configured for multi- 
processor mode based on the M0D2 (number of data bits) and 
MODO (number of stop bits) bits in CNTLA. The format is as fol- 
lows. 

Start bit + 7 or 8 data bits + MPB bit + 1 or 2 stop bits 

Note that multiprocessor (MP =1) format has no provision for 
parity. If MP = 0, the data format is based on MODO, MODI and 
M0D2 and may include parity. The MP bit is cleared to during 
RESET. 



CTS/PS: Clear to Send/Prescale (bit 5) 

When read, CTS/PS reflects Jhe state of the external CTS input. 
If the CTS input pin is HIGH, CTS/PS will be read as 1. Note that 
when the CTS input pin is H IGH, the TDRE bit is inhibited (i.e. 
held at 0). For channel 1, the CTSj input is multiplexed with RXS 
pin (Clocked Serial Receive Data). Thus, CTS/PS is only valid 
when read if the channel 1 CTS IE b it = 1 and the CTSj input pin 
function is selected. The read data of CTS/PS is not affected by RE- 
SET. 

When writ ten, CTS/PS specifies the baud rate generator prescale 
factor. I f CT S/PS is set to 1, the system clock {<f>) is prescaled by 30 
while if CTS/PS is cleared to 0, the system clock is prescaled by 10. 
CTS/PS is cleared to during RESET. 

PEO: Parity Even Odd (bit 4) 

PEO selects even or odd parity. PEO does not afiect the enab- 
ling/disabling of parity (MODI bit of CNTLA). If PEO is cleared to 
0, even parity is selected. If PEO is set to 1, odd parity is selected. 
PEO is cleared to during RESET. 

DR: Divide Ratio (bit 3) 

DR specifies the divider used to obtain baud rate from the data 
sampling clock. If DR is cleared to 0, divide by 16 is used while if 
DR is set to 1, divide by 64 is used. DR is cleared to during RE- 
SET. 

SS2, 1.0: Source/Speed Select 2, 1, (bits 2-0) 

Specify the data clock source (internal or external) and baud rate 
prescale factor. SS2, SSI, and SSO are all set to 1 during RESET. 
Table 1 1 shows the divide ratio corresponding to SS2, SSI, and SSO. 



Table 1 1 Divide Ratio 



SS2 


SSI 


SSO 


Divide Ratio 











-M 








1 


^2 





1 





^4 





1 


1 


-5-8 


1 








-5-16 


1 





1 


-^-32 


1 


1 





-5-64 


1 


1 


1 


external clock 



The external ASCI channel data clock pins a re mult iplexed 
with DMA control lines (CKA„/DREQo and CKA,/TENDo). Dur- 
ing RESET, these pins are initialized as ASCI data clock inputs. If 
SS2, SSI, and SSO are reprogrammed (any other value than SS2, 
SSI, SSO = 1) these pins become ASCI data clock outputs. How- 
ever, if DM AC channel is configured to perform memory < — > 
I/O (and memory mapped I/O) transfers the CKA^/DREQo pin re- 
vert to DMA control signals regardless of SS2, SSI, and SSO pro- 
gramming. Also, if the CKA ID bit in the CNTLA register is set to 
1, then the CKA,/TENDo reverts to the DMA Control output 
function regardless of SS2, SSI, and SSO p rogramming. 

Final data clock rates are based on CTS/PS (prescale), DR, SS2, 
SSI, SSO, and the HD64180 system clock (0) frequency as shown 
in Table 12. 
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Table 1 2 Baud Rate List 



Prescaler 


Sampling 
Rate 


Baud Rate 


General 
Divide 
Ratio 


Baud Rate (Example) 
(BPS) 


CKA 


PS 


Divide 
Ratio 


DR 


Rate 


SS2 


SSI 


sso 


Divide 
Ratio 


<^=6.144 
MHz 


r/> = 4 608 

MHz 


0=3.072 
MHz 


I/O 


Clock 
Frequency 



















-^ 1 


0-5- 1 60 


38400 




19200 




0-5-10 
















1 


2 


320 


19200 




9600 




20 













1 





4 


640 


9600 




4800 




40 









16 



1 


1 




1 




8 
16 


1280 
2560 


4800 
2400 




2400 
1200 





80 
160 










1 
1 




1 


1 




32 
64 


5120 
10240 


1200 
600 




600 
300 




320 
640 











1 


1 


1 


- 


fc^16 


- 


- 


- 


1 


fc 



















^ 1 


0-5-640 


9600 




4800 




0-MO 
















1 


2 


1280 


4800 




2400 




20 













1 





4 


2560 


2400 




1200 




40 






1 


64 



1 


1 




1 




8 
16 


5120 
10240 


1200 
600 




600 
300 





80 
160 










1 





1 


32 


20480 


300 




150 




320 










1 


1 





64 


40960 


150 




75 




640 










1 


1 


1 


- 


fc-5-64 


- 


- 


- 


1 


fc 



















-5-1 


0^480 




9600 






0^30 
















1 


2 


960 




4800 






60 













1 





4 


1920 




2400 






120 









16 




1 
1 
1 


1 




1 


1 



1 




8 
16 
32 
64 


3840 
7680 
15360 
30720 




1200 
600 
300 
150 







240 
480 
960 
1920 


1 








1 


1 


1 


- 


fc-5-16 


- 


- 


- 


1 


fc 



















^ 1 


0-5- 1920 




2400 






0H-3O 
















1 


2 


3840 




1200 






60 













1 





4 


7680 




600 






120 






1 


64 




1 
1 

1 


1 




1 


1 



1 




8 
16 
32 
64 


15360 
30720 
61440 
122880 




300 
150 
75 
37 5 







240 
480 
960 
1920 










1 


1 


1 




fc-5-64 










fc 



11.3 MODEM Control Signals 

ASCI channel has CTSo, DCDp, and R TSp external modem 
control signals. ASCI channel 1 has a CTS, modem control signal 
which is multiplexed with RXS pin (Clocked Serial Receive Data). 

(1 ) CTS;^: Clear to Send (Input) 

The CTSo input allows external control (start/stop) of ASCI 
channel transmit operations. When CTSo is HIGH, channel 
TDRE bit is held at regardless of wheth er the TDRO (Transmit 
Data Register) is full or empty. When CTSo is LOW, TDRE will re- 
flect the state of TDRO. Note that the actual transmit operation is 
not disabled by CTSo HIGH, only TDRE is inhibited. 

(2) DCD^: Data Carrier Detect (Input) 

The DCDo input allows external control (start/stop) of ASCI 
channel receive operations. When DCD^ is HIGH, channel 
RDRF bit is held at regardless of whether the RDRO (Receive 
Data Register) is full or empty. The error flags (PE, FE and OVRN 
bits) are also held at 0. Even after the DCDo input goes LOW, these 



bits will not resume normal operation until the status register 
(STATO) is read. Note that this flrst read o fSTAT O, while enabling 
normal operation, will still indicate the DCDq input is HIGH 
(DCDO bit == 1) even though it has gone LOW. Thus, the STATO 
register should be read twice to insure the DCDO bit is cleared to 0. 

(3) RTSq: Request to Send (output) 

RTSo allows the ASCI to control (start/stop) another communi- 
cation devices tra nsmis sion (for example, by connection to that de- 
vices CTS input). RTSo is essentially a 1 bit output port, havmg no 
side effects on other ASCI registers or flags. 

(4) CTSi : Clear to Send 1 (input) 

Channel 1 CTSi input is multiplexed with the RXS pin (Clocked 
Serial Receive Data). The CTSj function is selected when the 
CTS IE bit in STATl is set to L When enabled, the CTSj operation 
is equivalent to CTSq. 

Modem control signal timing is shown in Fig. 48(a) and Fig. 48(b). 
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DCDo Pin . 



DCDO Flag. 



Status Register 
Read 



Figure 48 (a) DCDq Timing 

I/O instmction ..^ . 

I I/O write cycle 



WR 

FrrSOFIag- 



T2 



\ 



T3 



X 



f 



RTSo Pin 



Figure 48 (b) RTSq Timing 



11.4 ASCI Interrupts 

Fig. 49 shows the ASCI interrupt request generation circuit. 




X 



ASCIO Interrupt 
Request 



ASCII Intermpt 
Request 



Figure 49 ASCI Interrupt Request Circuit Diagram 
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11.5 ASCI < — > DM AC operation 

Operation of the ASCI with the on-chip DMAC channel re- 
quires the DMAC be correctly configured to utilize the ASCI flags 
as DMA request signals. 

11.6 ASCI and RESET 

During RESET, the ASCI status and control registers are 
initialized as defined in the individual register descriptions. 



Receive and Transmit operations are stopped during RESET. 
However, the contents of the transmit and receive data registers 
(TDR and RDR) are not changed by RESET 

11.7 ASCI Clock 

In external clock input mode, the external clock is directly input 
to the sampling rate (-^ 16/-^- 64) as shown in Fig. 50. 



Internal Clock 
0- 



External Clock 
f c < ^ 40- 



Baud Rate Selection 



1 to 64 



Prescaler 



Sampling Rate 



10/-^ 30 



16/- 64 



Figure 50 ASCI Clock Block Diagram 



12 CLOCKED SERIAL I/O PORT (CSI/0) 

The HD64180 includes a simple, high speed clock synchronous 
serial I/O port. The CSI/0 includes transmit/receive (half duplex), 
fixed 8-bit data and internal or external data clock selection. High 
speed operation (baud rate as high as 200k bits/second at f^ = 4 
MHz) is provided. The CSI/0 is ideal for implementing a multi- 
processor communication link between the HD64180 and the 
HMCS400 series (4-bit) and the HD6301 series (8-bit) single chip 



controllers as well as additional HD64180s. These secondary de- 
vices may typically perform a portion of the system I/O processing 
such as keyboard scan/decode, LDC interface etc 

12.1 CSI/0 Block Diagram 

The CSI/0 block diagram is shown in Fig 51. The CSI/0 con- 
sists of two registers - the Transmit/Receive Data Register 
(TRDR) and Control Register (CNTR). 



Internal Address/Data Bus 



TXS-^ 



CSI/0 Transmit/Receive 
Data Register: 
TRDR (8) 




Baud Rate 
Generator 


CSI/0 Control Register: 
CNTR (8) 









> 



CKS 



Interrupt Request 

Figure 5 1 CSI/0 Block Diagram 



12.2 CSI/0 Register Description 

(1) CSI/0 Transmit/Receive Data Register (TRDR: I/O Ad- 
dress = OBH) 

TRDR is used for both CSI/O transmission and reception. Thus, 
the system design must insure that the constraints of half-duplex 
operation are met (Transmit and receive operation can't occur sim- 
ultaneously). For example, if a CSI/0 transmission is attempted at 
the same time that the CSI/0 is receiving data, a CSI/0 will not 
work. Also note that TRDR is not buffered. Therefore, attempting 
to perform a CSI/0 transmit while the previous transmit data is still 
being shifted out causes the shift data to be immediately updated, 
thereby corrupting the transmit operation in progress. Similarly, 
reading TRDR while a transmit or receive is in progress should be 
avoided. 



(2) CSI/0 Control/Status Register (CNTR: I/O Address = 
OAH) 

CNTR is used to monitor CSI/0 status, enable and disable the 
CSI/0, enable and disable interrupt generation and select the data 
clock speed and source. 



CSI/0 Control Register (CNTR I/O Address = OAH) 



7 


6 


5 


4 3 


2 


1 





EF 


EIE 


RE 


TE 




882 


881 


880 


R 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



EF: End Flag (bit 7) 

EF is set to 1 by the CSI/0 to indicate completion of an 8-bit 
data transmit or receive operation. If EIE (End Interrupt Enable) 
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bit = 1 during the time EF = 1, a CPU interrupt request will be 
generated. Program access of TRDR should only occur if EF = 1. 
The CSI/0 clears EF to when TRDR is read or written. EF is 
cleared to duiing RESET and lOSTOP mode. 

EIE: End Interrupt Enable (bit 6) 

EIE should be set to 1 to enable EF = 1 to generate a CPU inter- 
rupt request. The interrupt request is inhibited if EIE is cleared to 0. 
EIE is cleared to during RESET. 

RE: Receive Enable (bit 5) 

A CSI/0 receive operation is started by setting RE to 1. When 
RE is set to 1, the data clock is enabled. In internal clock mode, the 
data clock is output from the CKS pin. In external clock mode, the 
clock is input on the CKS pin. In either case, data is shifted in on the 
RXS pin in synchronization with the (internal or external) data 
clock. After receiving 8 bits of data, the CSI/0 automatically clears 
RE to 0, EF is set to 1 and an interrupt (if enabled by EIE = 1) will 
be generated. Note that RE and TE should never both be set to 1 at 
the same time. RE is cleared to during RESET and lOSTOP 
mode. 

Note that the RXS pin (pin 52) is multiplexed with CTSj mod- 
em control input of ASCI channel 1. In order to enable the RXS 
function, the CTSIE bit in CNTAl should be reset to 0. 

TE: Transmit Enable (bit 4) 

A CSI/0 transmit operation is started by setting TE to 1. When 
TE is set to 1, the data clock is enabled. In internal clock mode, the 
data clock is output from the CKS pin. In external clock mode, the 
clock is input on the CKS pin. In either case, data is shifted out on 
the TXS pin synchronous with the (internal or external) data clock. 
After transmitting 8 bits of data, the CSI/0 automatically clears TE 



to 0, EF is set to 1 and an interrupt (if enabled by EIE = 1) will be 
generated. Note that TE and RE should never both be set to 1 at the 
same time. TE is cleared to during RESET and lOSTOP mode. 

SS2, 1, 0: Speed Select 2, 1, (bits 2-0) 

SS2, SSI and SSO select the CSI/O transmit/receive clock source 
and speed. SS2, SSI and SSO are all set to 1 during RESET. Table 13 
shows CSI/0 Baud Rate Selection. 

Table 1 3 CSI/0 Baud Rate Selection 



SS2 


SSI 


SSO 


Divide 
Ratio 


Baud 
Rate 











-5-20 


(200000) 








1 


-5- 40 


(100000) 





1 





^80 


(50000) 





1 


1 


-5-160 


(25000) 


1 








-^320 


(12500) 


1 





1 


^640 


(6250) 


1 


1 





-5-1280 


(3125) 


1 


1 


1 


external Clock input 
(less than 20) 



( ) shows the baud rate (BPS) at <^ = 4 MHz. 

After RESET, the CKS pin is configured as an external clock 
input (SS2, SSI, SSO = 1). Changing these values causes CKS to 
become an output pin and the selected clock will be output when 
transmit or receive operations are enabled. 



12.3 CSI/0 Interrupts 

The CSI/0 interrupt request circuit is shown in Fig. 52. 



IEFi 



EF 
EIE 



CSI/0 

Interrupt Request 



Figure 52 CSI/0 Interrupt Circuit Diagram 



12.4 CSI/0 Operation 

The CSI/O can be operated using status polling or interrupt 
driven algorithms. 

(1) Transmit - Polling 

® Poll the TE bit in CNTR until TE = 0. 

(2) Write the transmit data into TRDR. 
(D Set the TE bit in CNTR to 1. 

® Repeat 1 to 3 for each transmit data byte. 

(2) Transmit — Interrupts 

® Poll the TE bit in CNTR until TE = 0. 

(2) Write the first transmit data byte into TRDR. 
® Set the TE and EIE bits in CNTR to 1. 

When the transmit interrupt occurs, write the next transmit data 

byte into TRDR. 
(D Set the TE bit in CNTR to 1. 
(D Repeat 4 to 5 for each transmit data byte. 

(3) Receive - Polling 

(D Poll the RE bit in CNTR until RE = 0. 

(D Set the RE bit in CNTR to 1. 

d) Poll the RE bit in CNTR until RE - 0. 



® Read the receive data from TRDR. 

(D Repeat 2 to 4 for each receive data byte. 

(4) Receive — Interrupts 

® Poll the RE bit in CNTR until RE = 0. 
(D Set the RE and EIE bits in CNTR to 1. 
(3) When the receive interrupt occurs read the receive data from 
TRDR. 

® Set the RE bit in CNTR to 1. 

(D Repeat 3 to 4 for each receive data byte. 

12.5 CSI/O Operation Timing Notes 

(1) Note that transmitter clocking and receiver sampling timings 
are different from internal and external clocking modes. Fig. 53 
to Fig. 54 shows CSI/O Transmit/Receive Timing. 

(2) The transmitter and receiver should be disabled (TE and RE 
= 0) when initializing or changing the baud rate. 

1 2.6 CSI/O Operation Notes 

(1) Disable the transmitter and receiver (TE and RE = 0) before 
initializing or changing the baud rate. When changing the baud 
rate after completion of transmission or reception, a delay of at 
least one bit time k required before bawd rate modification. 
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(2) When RE or TE is cleared to by software, a corresponding re- 
ceive or transmit operation is immediately terminated. Nor- 
mally, TE or RE should only be cleared to when EF = 1. 



(3) Simultaneous transmission and reception is not possible. Thus, 
TE and RE should not both be 1 at the same time. 



CKS 



TXS 



LSB 



X 



X 



MSB 



TE 
EF 



Read or write of CSI/0 
Transmit/Receive 
Data Register 



Figure 53 Transmit Timing — tnternai Clock 



CKS 



TXS 



7.5<t> 



2.54>-^ 2.5<A-J 2.5<^-xr 2.5<^-J^ 



7.5<t> 



7.5</) 



7.S<t> 



MSB 



TE 



_r 



EF 



Read or write of CSI/0 
Transmit/Receive 
Data Register 



Figure 54 Transmit Timing - External Clock 
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CKS 



RXS 











X LSB 


)c — r 




^^<t> 




110 


-ir — 



Sampling 



) ( MSB 



11<^ 



RE _J 
EF 



17<^ 



CKS 



RXS 



Read or write of CSI/0 
Transmit/Receive 
Data Register 



Figure 55 Receive Timing — Internal Clock 



Sampling 



RE _r 

EF 











— II — 
li 




















X LSB 


X 




X MSB 




16.54._ 




^ 16.5<^^ 


II 


11.5^ 
16.5</), 




115^ 
_ 16.5<^>^ 





Read or write of CSI/0 
Transmit/Receive 
Data Register 



Figure 56 Receive Timing — External Clock 



12.7 CSI/O and RESET 

During RESET each bit in the CNTR is initialized as defined in 
the CNTR register description. 



CSI/0 transmit and receive operations in progress are aborted 
during RESET. However, the contents of TRDR are not changed. 
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13 PROGRAMMABLE RELOAD TIMER (PRT) 

The HD64180 contains a two channel 16-bit Programmable Re- 
load Timer. Each PRT channel contains a 16-bit down counter and 
a 16-bit reload register. The down counter can be directly read and 
written and a down counter overflow interrupt can be programmab- 
ly enabled or disabled. In addition, PRT channel 1 has a TOUT out- 
put pin (multiplexed with Aj^) which can be set HIGH, LOW, or 
toggled. Thus PRTl can perform programmable output waveform 



generation. 

13.1 PRT Block Diagram 

The PRT block diagram is shown in Fig. 57. The two channels 
have separate timer data and reload registers and a common status/ 
control register. The PRT input clock for both channels is equal to 
the system clock (<f>) divided by 20. 



Internal Address/Data Bus 



^ 20 



Timer Data 
Register OL 
: TMDROL (8) 


Timer Data 
Register OH 
: TMDROH (8) 


Timer Reload 
Register OL 
: RLDROL (8) 


Timer Reload 
Register OH 
: RLDROH (8) 




(j) ^ 20 



Timer Data 
Register 1L 
: TMDR1L (8) 


Timer Data 
Register 1H 
: TMDR1H (8) 


Timer Reload 
Register 1L 
: TLDR1L (8) 


Timer Reload 
Register 1H 
: TLDR1H (8) 



> 



TOUT 



^ Interrupt Request 

Figure 5 7 PRT Block Diagram 



13.2 PRT Register Description 

(1) Timer Data Register (TMDR: I/O Address = CHO: ODH, 
OCH CHI: 15H, 14H) 

PRTO and PRTl each have 16-bit Timer Data Registers 
(TMDR). TMDRO and TMDRl are each accessed as low and high 
byte registers (TMDROH, TMDROL and TMDRIH, TMDRIL). 
During RESET, TMDRO and TMDRl are set to FFFFH. 

TMDR is decremented once every twenty clocks. When 
TMDR counts down to 0, it is automatically reloaded with the value 
contained in the Reload Register (RLDR). 

TMDR can be read and written by software using the following 
procedures. The read procedure uses a PRT internal temporary 
storage register to return accurate data without requiring the timer 
to be stopped. The write procedure requires the PRT to be stopped. 

For reading (without stopping the timer), TMDR must be read 
in the order of lower byte - higher byte (TMDRnL, TMDRnH). 
The lower byte read (TMDRnL) will store the higher byte value in 
an internal register. The following higher byte read (TMDRnH) will 
access this internal register. This procedure insures timer data 
validity by eliminating the problem of potential 16-bit timer updat- 
ing between each 8-bit read. Specifically, reading TMDR in higher 
byte — lower byte order may result in invalid data. Note the im- 
plications of TMDR higher byte internal storage for applications 
which may read only the lower and/or higher bytes. In normal oper- 
ation all TMDR read routines should access both the lower and 
higher bytes, in that order. 

For writing, the TMDR down counting must be inhibited using 
the TDE (Timer Down Count Enable) bits in the TCR (Timer 
Control Register), following which any or both higher and lower 
bytes of TMDR can be freely written (and read) in any order. 



(2) Timer Reload Register (RLDR: I/O Address = CHO: OEH, 
OFH CHI: 16H, 17H) 

PRTO and PRTl each have 16-bit Timer Reload Registers 
(RLDR). RLDRO and RLDRl are each accessed as low and high 
byte registers (RLDROH, RLDROL and RLDRIH, RLDRIL). 
During RESET RLDRO and RLDRl are set to FFFFH. 

When the TMDR counts down to 0, it is automatically reloaded 
with the contents of RLDR. 

(3) Timer Control Register (TCR) 

TCR monitors both channels (PRTO, PRTl) TMDR status and 
controls enabling and disabling of down counting and interrupts as 
well as controlling the output pin (Ajg/TOUT) for PRT 1. 



Timer Control Register (TCR : «/0 Address = 10H) 



7 


6 


5 


4 


3 


2 


1 





TIF1 


TIFO 


TE1 


TIED 


TOCI 


TOCO 


TDE1 


TDEO 


R 


R 


RW 


R/W 


R/W 


R/W 


R/W 


R/W 



TIF1: Timer Interrupt Flag 1 (bit 7) 

When TMDRl decrements to 0, TIFl is set to 1. This can gener- 
ate an interrupt request if enabled by TIEl = 1. TIFl is reset to 
when TCR is read and the higher or lower byte of TMDRl are read. 
During RESET, TIFl is cleared to 0. 

TIFO: Timer Interrupt Flag (bit 6) 

When TMDRO decrements to 0, TIFO is set to 1. This can gener- 
ate an interrupt request if enabled by TIEO = 1. TIFO is reset to 
when TCR is read and the higher or lower byte of TMDRO are read. 
During RESET, TIFO is cleared to 0. 



494 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD64180R/Z 



TIE1 : Timer Interrupt Enable 1 (bit 5) 

When TIEl is set to 1, TIFl = 1 will generate a CPU interrupt 
request When TIEl is reset to 0, the interrupt request is inhibited 
During RESET, TIEl is cleared to 0. 

TIEO: Timer Interrupt Enable (bit 4) 

When TIEO is set to 1, TIFO = 1 will generate a CPU interrupt 
request When TIEO is reset to 0, the interrupt request is inhibited. 
During RESET, TIEO is cleared to 

TOCl, 0: Timer Output Control (bits 3, 2) 

TOCl and TOCO control the output of PRTl using the multip- 
lexed Ai^/TOUT pin as shown below. During RESET, TOCl and 
TOCO are cleared to 0. This selects the address function for A,j</ 
TOUT By programming TOCl and TOCO, the A,«/TOUT pin can 
be forced HIGH, LOW or toggled when TMDRl decrements to 



TOCl 


TOCO 


OUTPUT 





1 
1 



1 



1 


Inhibited (A , g/TOUT pin is selected as 
an address output function.) 

toggled'-i 

L (A ig/TOUT pin is selected 
^ J as a PRTl output function ) 



• When TMDRl decrements to 0, TOUT level is reversed This can provide 
square wave with 50% duty to external devices without any software 
support 

TDE1, 0: Timer Down Count Enable (bits 1, 0) 

TDEl and TDEO enable and disable down counting for TMDRl 
and TMDRO respectively. When TDEn (n = 0, 1) is set to 1, down 
counting is executed for TMDRn. When TDEn is reset to 0, down 
counting IS stopped and TMDRn can be freely read or written. 
TDEI and TDEO are cleared to during RESET and TMDRn will 
not decrement until TDEn is set to 1. 

Fig. 58 shows timer initialization, count down and reload timing. 
Fig. 59 shows timer output (A^^/TOUT) timing. 



Timer Data Register 
write (0004H) 



< t < 20<f> 



Timer Data 
Register 









1 20<f>^ 


1 20<f> J 


1 20<^ 


1 20(f) ^ 


20<f> ^ 




. 20<^ 


20<^ 


20<^ 




























FFFFH 


0004H j 


0003H 


0002H 


000 IN 


OOOOH 


0003H 


0002H 


0001 H 


OOOOH 


0003H 



Timer Reload Register Write (0003H) 



Timer Reload Register 



FFFFH 



0003H ! 



TDE Flag 



TIF Flag 



Write "1" to TDE 



Reload 



Reload 



L 



Timer data Register read 



Timer Control 
Register read 



Figure 58 PRT Operation Timing 





Timer Data 


Timer Data 




Reg=0001H 


Reg = OOOOH 


<!> _ 






~"LJ~1_ 


LJ~i_r~L__r~L 



TOUT ) ( 

Figure 59 PRT Output Timing 
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lEFi 



TIF1 
TIE1 



TIFO 
TIEO 



PRT1 Interrupt 
Request 



PRTO Interrupt 
Request 



Figure 60 PRT interrupt Request Circuit Diagram 



13.3 PRT Interrupts 

The PRT interrupt request circuit is shown in Fig. 60. 

13.4 PRT and RESET 

During RESET the bits in TCR are initialized as defined in the 
TCR register description. Down counting is stopped and the TMDR 
and RLDR registers are initialized to FFFFH. The Ajg/TOUT pin 
reverts to the address output function. 

13.5 PRT Operation Notes 

(1) TMDR data can be accurately read without stopping down 
counting by reading the lower (TMDRnL*) and higher 
(TMDRnH*) bytes in that order. Or, TMDR can be freely read 
or written by stopping the down counting. 

(2) Care should be taken to insure that a timer reload does not oc- 
cur during or between lower (RLDRnL*) and higher 
(RLDRnH*) byte writes. This may be guaranteed by system 
design/timing or by stopping down counting (with TMDR con- 
taining a non-zero value) during the RLDR updating. 
Similarly, in applications in which TMDR is written at each 
TMDR overflow, the system/software design should guaran- 
tee that RLDR can be updated before the next overflow occu- 
rs. Otherwise, time base inaccuracy will occur. 

NOTE: • n = 0, 1 

(3) During RESET, the multiplexed Ajg/TOUT pin reverts to the 
address output. 

By reprogramming the TOCl and TOCO bits, the timer output 



function for PRT channel 1 can be selected. The following 
shows the initial state of the TOUT pin after TOCl and TOCO 
are programmed to select the PRT channel 1 timer output 
function. 

(i) PRT (channel 1) has not counted down to 0. 

If the PRT has not counted down to (timed out), the 
initial state of TOUT depends on the programmed value in 
TOCl and TOCO. 





TOUT State After 


TOUT State After 




Programming 


Next Timeout 


TOCl TOCO 


TOCl /TOCO 




1 


HIGH(I) 


LOW (0) 


1 


HIGH (1) 


LOW (0) 


1 1 


HIGH (1) 


HIGH(I) 



(ii)PRT (channel 1) has counted down to at least once. 

If the PRT has counted down to (timed out) at least once, 
the initial state of TOUT depends on the number of time outs 
(even or odd) that have occurred. 



Numbers of Timeouts 
(even or odd) 


TOUT State After 
Programming TOCl /TOCO 


Even (2, 4, 6 ..) 
Odd (1,3,5 ...) 


HIGH(I) 
LOW (0) 
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14 INTERNAL I/O REGISTERS 

The HD64180 internal I/O Registers occupy 64 I/O addresses 
(including reserved addresses). These registers access the internal 
I/O modules (ASCI, CSI/0, PRT) and control functions (DMAC, 
DRAM refresh, interrupts, wait state generator, MMU and I/O re- 
location). 

To avoid address conflicts with external I/O, the HD64180 inter- 
nal I/O addresses can be relocated on 64 bytes boundaries within 
the bottom 256 bytes of the 64k bytes I/O address space. 

14.1 I/O Control Register (ICR) 

ICR allows relocating of the internal I/O addresses. ICR also 
controls enabling/disabling of the lOSTOP mode. 



I/O Control Register (ICR I/O Address = 3FH) 
6 5 4 3 2 1 



IOA7,6: I/O Address Relocation (bits 7-6) 

IOA7 and 10 A6 relocate internal I/O as shown in Fig. 61. Note 
that the high-order 8 bits of 16-bit internal I/O addresses are always 
0. 10A7 and I0A6 are cleared to during RESET. 



10 A7 • I0A6=1 1- 



I0A7 • I0A6= 1 0- 



I0A7 • IOA6=0 1- 



I0A7 • IOA6=0 0- 



OOFFH 

OOCOH 
OOBFH 

0080H 
007FH 

0040H 
003FH 

OOOOH 



Figure 6 1 internal I/O Address Relocation 



lOSTP: lOSTOP Mode (bit 5) 

lOSTOP mode is enabled when lOSTP is set to 1. Normal I/O 
operation resumes when lOSTP is reset to 0. lOSTP is cleared to 
during RESET. 



14.2 Internal I/O Registers Address Map 

The internal I/O register addresses are shown in Table 14. These 
addresses are relative to the 64 bytes boundary base address speci- 
fied in ICR. 
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Table 1 4 Internal I/O Register Address Map (1 ) 





Register 


Mnemonic 


Address 










ASCI Control Register A Ch 


CNTLAO 


AAUUUUUU 


uun 




ASCI Control Register A Ch 1 


CNTLA1 




01 H 




ASCI Control Register B Ch 


CNTLBO 


XX000010 


02H 




ASCI Control Register B Ch 1 


CNTLB1 


XX00001 1 


03H 


ASCI 


ASCI Status Register Ch 
ASCI Status Register Ch 1 


STATO 
STAT1 


XX000100 
XX000101 


04H 
05H 




ASCI Transmit Data Register Ch 


TDRO 


XX000110 


06H 




ASCI Transmit Data Register Ch 1 


TDR1 


XX000111 


07H 




ASCI Receive Data Register Ch 


RDRO 


XX001000 


08H 




ASCI Receive Data Register Ch 1 


RDR1 


XX001001 


09H 


CSI/0 


CSI/0 Control Register 


CNTR 


XX001010 


OAH 


CSI/0 Transmit/Receive Data Register 


TRDR 


xxooion 


OBH 




Timer Data Register Ch OL 


TMDROL 


vyooi ino 

/y/\\J\J 1 i \J\J 


OCH 




Timer Data Register Ch OH 


TMDROH 


XX001 101 


ODH 




Reload Register Ch OL 


RLDROL 


yynoi 1 10 


OEH 




Reload Register Ch OH 


RLDROH 


xxnoi 111 


OFH 




Timer Control Register 


TCR 


XXO 10000 


10H 




Reserved 




XXO 10001 

s 

XX010011 


11H 

s 

13H 




Timer Data Register Ch 1 L 


TMDR1L 


XX010100 


14H 




Timer Data Register Ch 1 H 


TMDR1H 


XX010101 


15H 




Reload Register Ch 1 L 


RLDR1L 


XX010110 


16H 




Reload Register Ch 1 H 


RLDR1H 


XX010111 


17H 




Free Running Counter 


PRC 


XXO 11000 


18H 


Others 


Reserved 




XX011001 

s 

XX01 1111 


19H 

S 

1FH 
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Table 1 4 Internal I/O Register Address Map (2) 





Register 


Mnemonic 


Address 




Binary 


Hexadecimal 




DMA Source Address Register Ch OL 


SAROL 


AA 1 UUUwU 


20H 




DMA Source Address Register Ch OH 


SAROH 


YY 1 nnnni 


21 H 




DMA Source Address Register Ch OB 


SAROB 


YY 1 nnni n 

AA 1 \J\JU i U 


22H 




DMA Destination Address Register Ch OL 


DAROL 


YY 1 nnni i 

AA 1 UUU 1 1 


23H 




DMA Destination Address Register Ch OH 


DAROH 


YY 1 no 

AA 1 UU 1 uu 


24H 




DMA Destination Address Register Ch OB 


DAROB 


AA 1 uu 1 U 1 


25H 




DMA Byte Count Register Ch OL 


BCROL 


YY1 nni 1 n 

AA i UU 1 1 U 


26H 




DMA Byte Count Register Ch OH 


BCROH 


YY 1 noi 1 1 

AA 1 \J\J 1 1 1 


27H 




DMA Memory Address Register Ch 1 L 


MAR1L 


YY 1 nmnr» 

AA 1 U 1 UUU 




DMA 


DMA Memory Address Register Ch 1 H 


MAR1H 


YY1 ril noi 

AA 1 U 1 UU 1 


29H 




DMA Memory Address Register Ch 1 B 


MAR IB 


YY1 01 ni 

/\A 1 W 1 V 1 w 


2AH 




DMA I/O Address Register Ch 1 L 


IAR1L 


XX101011 


2BH 




DMA I/O Address Register Ch 1 H 


IAR1H 


XX101100 


2CH 




Reserved 




XX101101 


2DH 




DMA Byte Count Register Ch 1 L 


BCR1L 


XX101110 


2EH 




DMA Byte Count Register Ch 1 H 


BCR1H 


XX101111 


2FH 




DMA Status Register 


DSTAT 


XX 11 0000 


30H 




DMA Mode Register 


DMODE 


XX1 10001 


31H 




DMA/WAIT Control Register 


DCNTL 


XX1 10010 


32H 




IL Register (interrupt Vector Low Register) 


IL 


XXI 10011 


33H 


INT 


INT/TRAP Control Register 


ITC 


XXI 10100 


34H 




Reserved 




XXI 10101 


35H 


Refresh 


Refresh Control Register 
Reserved 


RCR 


XX110110 
XXI 101 11 


36H 
37H 




MMU Common Base Register 


CBR 


XXI 11000 


38H 


MMU 


MMU Bank Base Register 


DDn 


XXI 11 001 


39H 




MMU Common/Bank Area Register 


CBAR 


XX111010 


3AH 




Reserved 




XXI noil 


3BH 

') 


I/O 






XX1 11 110 


3EH 




I/O Control Register 


ICR 


XXI 111 11 


3FH 



14.3 I/O Addressing Notes 

The internal I/O register addresses are located in the I/O address 
space from OOOOH to OOFFH (16-bit I/O addresses). Thus, to access 
the internal I/O registers (using I/O instructions), the high-order 8 
bits of the 16-bit I/O address must be 0. 

The conventional I/O instructions (OUT (m),A/ IN A,(m) / 
OUTI / INI/ etc.) place the contents of a CPU register on the high- 
order 8 bits of the address bus, and thus may be difficult to use for 
accessing internal I/O registers. 

For efficient internal I/O register access, a number of new in- 
structions have been added, which force the high-order 8 bits of the 
16-bit I/O address to 0. These instructions are INC, OUTO, OTIM, 



OTIMR, OTDM, OTDMR and TSTIO (See section 19 Instruction 
Set). 

Note that when writing to an internal I/O register, the same I/O 
write occurs on the external bus. However, the duplicate external 1/ 
O write cycle w ill exhibit internal I/O write cycle timing. For exam- 
ple, the WAIT input and programmable wait state generator are ig- 
nored. Similarly, internal I/O read cycles also cause a duplicate ex- 
ternal I/O read cycle — however, the external read data is ignored 
by the HD64180. 

Normally, external I/O addresses should be chosen to avoid 
overlap with internal I/O addresses to avoid duplicate I/O accesses. 
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15 E CLOCK OUTPUT TIMING - 6800 TYPE BUS INTER- 
FACE 

A large selection of 6800 type peripheral devices can be con- 
nected to the HD64180, including the Hitachi 6300 CMOS series 
(6321 PIA, 6350 ACIA, etc.) as well as 6500 family devices. 



These devices require connection with the HD64180 syn- 
chronous E clock output. The speed (access time) required for the 
peripheral device are determined by the HD64180 clock rate. Table 
15, Fig. 62 and Fig. 63 define E clock output timing. 



Table 1 5 E Clock Timing In Each Condition 



Condition 


Duration of E Clock Output "High" 


Op-code Fetch Cycle 
Memory Read/Write Cycle 


Tat - Tal 




I/O read Cycle 


IstTwf - Tai 


(0.50 + n^'<f>) 


I/O Write Cycle 


IstTwf - Tat 


(n^ • <f>) 


NMI Acknowledge 1 st MC 


Tzt - Tai 


{^.5<f>) 


INTo Acknowledge 1 st MC 


IstTwf - Tal 


{0.5(t> + n^ • 0) 


BUS RELEASE mode 
SLEEP mode 
SYSTEM STOP mode 


<f>i-<l>i 


{2<f>or^<f>) 



NOTE) . the number of wait states 
MC Machine Cycle 



OP-code Memory read/ 
fetch cycle .write cycle 



I/O read cycle 



I/O write cycle 



acknowledge INTo acknowledge 
IstMC 1stMC 



Ti Tz T3 iTi T2 T3 



Ti T2 Tw Ta 



Ti Tz Tw Ta 



E 
IJR 
ME 
15E 



J L 



J 1 



Ti T2 T3 Ti Ti Tw' Tw* T3 



J 1 



1 r 



NOTE) MC: Machine Cycle 



' Two wait states are automatically inserted. 



Figure 62 E Clock Timing (During Read/Write Cycle and 
Interrupt Acknowledge Cycle) 
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Last 
state 



BUS RELEASE mode 


Tx T« 




Tx T, 




(a) E Clock Timing in BUS RELEASE Mode 



-J 
D0-D7 

InT, NMT 



SLP 

instruction 
2nd op-code 
fetch cycle 




-O- 



76H 



J — V 



SLEEP mode or SYSTEM STOP mode 



Op-code 
fetch cycle 



•A r — V. 



■A r 



(b) E Clock Timing in SLEEP Mode and SYSTEM STOP Mode 

Figure 63 E Clock Timing 

(in BUS RELEASE mode, SLEEP mode, SYSTEM STOP mode) 



Wait states inserted in op-code fetch, memory read/write and 1/ 
O read/write cycles extend the duration of E clock output HIGH. 
Note that during I/O read/write cycles with no wait states (only oc- 
curs during on-chip I/O register accesses), E will not go HIGH. 

The correspondence between the duration of E clock output 
HIGH and standard peripheral device speed selections is as follows. 



Device Speed Selection 


Required duration of 
E clock output HIGH 


1.0 MHz (ex: HD6321P) 
1.5 MHz (ex: HD63A21P) 
2.0 MHz (ex:HD63B21P) 


5dO ns min 
333 ns min. 
230 ns min. 



15.1 6800 Type Bus interfacing Note 

When the HD64180 is connected to 6800 type peripheral LSIs 
with E clock, the 6800 type peripheral LSIs should be located in I/O 
address space. 

If the 6800 type peripheral JLSIs are located in memory address 
space, WR set-up time and WR hold time for E clock won't be 
guaranteed during memory read/write cycles and 6800 type periph- 
eral LSIs can't be connected correctly. 
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16 ON-CHIP CLOCK GENERATOR 

The HD64180 contains a crystal oscillator and system clock (0) 
generator. A crystal can be directly connected or an external clock 
input can be provided. In either case, the system clock (<f>) is equal 
to one-half the input clock. For example, a crystal or external clock 



input of 8 MHz corresponds with a system clock rate of <^ = 4 
MHz. 

The following table shows the AT cut crystal characteristics (Co, 
Rs) and the load capacitance (CLl, CL2) required for various fre- 
quencies of HD64180 operation. 



Table 1 6 Crystal Characteristics 



^--...,„Clock Frequency 
Item ^"""^""--....^.^^ 


4MHz 


4MHz< f ^ 12MHz 


12MHz < f ^ 16MHz 


Co 


<7pF 


<7pF 


<7pF 


Rs 


<6on 


<60fi 


<6on 


CL,, CLg 


10to22pF±10% 


10to22pF±10% 


10to22pF±10% 



If an external clock input is used instead of a crystal, the 
waveform (twice the clock rate) should exhibit a 50% ± 5% duty 
cycle. Note that the minimum clock input HIGH voltage level is 
Vcc— 0.6V. The external clock input is connected to the EXTAL 
pin, while the XTAL pin is left open. Fig. 64 shows external clock 
interface. 



EXTAL 



XTAL 



External Clock Input 



Open 



Figure 64 External Clock Interface 



Fig. 65 shows the HD64180 clock generator circuit while Fig. 66 
and Fig. 67 specify circuit board design rules. 



EXTAL 



XTAL 



CLl 



CL2 



Cl 



XTAL_ 

re — a 

°EXTAI 



t 



HD64180 



must be avoided 



A B 



A, B: Signal 



Signal C - 



XTAL 
EXTAL 

HD64180 



Figure 65 Crystal Interface 



Figure 66 Note for Board Design of the Oscillation Circuit 
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HD64180 
(DP-64S) 



(Top View) 

Figure 67 Example of Board Design 



Circuit Board design should observe the foUowings. 

(1) To prevent induced noise, the crystal and load capacitors 
should be physically located as close to the LSI as possible. 

(2) Signal lines should not run parallel to the clock oscillator 
inputs. In particular, the clock input circuitry and the system 
clock 4> output should be separated as much as possible. 



(3) Similar to (2), Wqc POwer lines should be separated from the 
clock oscillator input circuitry. 

(4) Resistivity between XTAL or EXTAL and the other pins 
should be greater than lOM ohms. 

Signal line layout should avoid areas marked with /////. 
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17 MISCELLANEOUS 

Free Running Counter (I/O Address = 18H) 

Read only 8-bit free running counter without control registers 
and status registers. The contents of the 8-bit free running counter 
is counted down by 1 with an interval of 10 <^ clock cycles. The free 
running counter continues counting down without being affected by 
the read operation. 

If data is written into the free running counter, we can't guaran- 
tee the interval of DRAM refresh cycle and baud rates of ASCI and 
CSI/0. 

In lOSTOP mode, the free running counter continues counting 
down. It is initialized to FFH during RESET. 



18 OPERATION NOTES 

18.1 Precaution on Interfacing the Z80* Family Peripheral 
LSIs to the HD64180 

(1) Problem 

In daisy chain, the Z80* family peripheral LSI (PIO, DMA, 
CTC, SIO, or DART) resets interrupt circuit (i.e. lEO changes 
from LOW to HIGH) by fetching the RETI op-code on the 
data bus concurrently during the CPU fetches the RETI. 
Therefore, the foUowings should be noted for the RETI op- 
code (EDH, 4DH) fetch timing in the Z80* peripheral LSI. 

Whe n the peripheral LSI fetches the first op-code of RETI 
(EDH), IlR should be negated HIGH at the rising edge of 
system clock <f> as shown in Fig. 71, A. (This isn't referred in 
the manuals for the Z80* peripheral LSI.) So, LIR hold time 
(LIR = HIGH) should be required as shown in Fig. 71. 



Data Bus 




Because LIR changes synchronously with the rising edge of 
system clock <f>, LIR delay time is equal to LIR hold time of the 
Z80* peripheral LSI. However, this LIR hold time may not be 
sufficient for the Z80* peripheral LSI in some case and lEO 
line may not be reset. 

(2) An example of countermeasure 

Fig. 72 shpws an example of circuit, while Fig. 73 shows the 

LIR and LIR' timing in the circuit. 



OR' to Peripheral LSI 




Figure 72 Circuit Example 
" Z80 is a registered trademark of Zilog, Inc. 

Tz T3 Ti T2 13 



OR 

DR" 



Hold Time I 



Figure 71 CM Hold Time 



Figure 73 LIR and LIR' Timing in the Circuit 

LIR', which is synchronized with the falling edge of system 
clock <f), is provided to the peripheral LSI. In this case, one-half 
clock cycle duration is confirmed as the hold time. 

Please carefully examine the circuit before you use it on 
your application. 
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18.5 Precaution on Interfacing HD64180 with Z80' CTC 
(1) Problem 

The following problem may happen when interfacing HD64I80 
with Z80* CTC (Z8430). Therefore, countermeasure shown in sec- 
tion 2 should be taken. Fig. 81 illustrates Z80* CTC write timing 
specified in Z80* CTC Data Sheet. Fig. 82 and Fig. 83 show Z80* 1/ 
O write timing and HD64 180 I/O write timing respectively. 

As shown abo ve, lO E in HD64180 goes LOW by a half clock 
cycle faster than lORQ in Z80. When interfacing Z80 with Z80* 
CTC, data is written into Z80* CTC at the rising edge of Tw. By 
contrast, when interfacing HD64180 with Z80* CTC, data is written 
into Z80* CTC at the rising edge of T,. In the latter case, data may 
not be written into Z80* CTC if lOE set-up time for the rising edge 
of Ta is less than the set-up time specified in Z80* CTC. 



Set-up time 



Set-up time 



Data 







Set-up time 


Hold time 




^ 







Figure 8 1 ZSO* CTC Write Timing" 



(2) Countermeasure 

To Avoid the problem, lOE in HD64180 should be asserted 
LOW at the rising edge of Tg to assure the set-up time specified in 
Z80* CTC. Fig. 84 (a) shows a circuit for delaying lOE by a half <f> 
clock cycle. 

If this circuit is externally connected between HD64180 and 
Z80* CTC, lOE' will be pulled LOW at the rising edge of Tg o nly in 
I/O read/write cycle as shown in Fig. 84 (b). While in INTo 
acknowledge cycle, lOE andJOE' are asserted LOWat the timing 
shown in Fig. 84 (c). In INTo acknowledge cycle, lOE' delays be- 
cause of propagation time of TTL gates of the countermeasure cir- 
cuit and the vector access time is shortened. If vector access time 
for HD64180 is not assured during INT^ acknowledge cycle, wait 
states should be inserted by programming IWIO and IWIl bits of 
DMA/WAIT Control Register. However, note that wait states in- 
sertion by software should be inhibited during Z80* CTC read/write 
cycles, because more than one wait state can not be allowed in the 
case of Z80* CTC. (Please see Z80* CTC Data Sheet. One wait state 
is automatically inserted during the cycles.) Refer to "Fig. 85 Z80* 
CTC Access Flow" for details. 




LS75 

(a) Countermeasure Circuit 



lORQ 



Data 



> 



Write data 
Figure 82 Z80' I/O Write Timing 



m 

lOE 
iOE' 



Fixed to HIGH 



(b) I/O Read/Wnte Timing 




Data ( 



Write data 



IOE • 
IOE' • 



Vector access time 



Propagation time of TTL gates 



Figure 83 HD641 80 I/O Write Timing 



(c) INT Acknowledge Cycle Timing 
Figure 84 Countermeasure Circuit and Timings in the Circuit 



* Z80 is a registered trademark of Zilog, Inc. 

** Copied from Z80* CTC Data Sheet (April, 1985) 
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Disable programmable wait states 
insertion for I/O access (One wait state • i 
is automatically inserted during Z80* 
CTC read/write cycles.) 



Access Z80* CTC 



Enable programmable wait states 
insertion for I/O access 



Enable INTo 



*1 More than one wait state can not be 
allowed during Z80* CTC read/write 
cycles. 



Figure 85 Z80* CTC Access Flow 
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1 8.6 Notes on HD641 80 INTq Mode 

(1) P roblem 

In INTo Mode 0, the CPU executes an instruction which is 
placed on the data bus during the interrupt acknowledge cycle. 
Usaally, RST (1-byte instruction) or CALL (3-byte instruction) is 
placed on the data bus. Then, the CPU pushes the Program Coun- 
ter (PC) onto the stack and jumps to the interrupt service routine. 
In the case of RST instruction, the correct return address is pushed 
onto the stack. However, in the case of CALL instruction, the 
pushed return address is equal to the correct return address + 2. 

(2) Explanation of operation 

During the 1st op-code fetch cycle in the interrupt acknowledge 



cycle, the CPU stops incrementing the PC. At this time, the PC 
contains the return address. After the 1st op-code is fetched, the 
CPU restarts incrementing the PC. Therefore, is RST (1-byte in- 
struction) is executed in the interrupt acknowledge cycle, the cor- 
rect return address is pushed onto the stack and the CPU can return 
from the interrupt service routine correctly. While, if CALL (3-byte 
instruction) is executed in the interrupt acknowledge cycle, the PC 
IS incremented twice during the operand read cycle of the 2 bytes 
after the 1st op-code is fetched. Therefore, the return address + 2 
in the PC is pushed onto the stack. So, when RETI is executed at 
the end of the interrupt service routine, the CPU can not return 

from the interrupt correctly. 

Fig 86 shows the CALL execution timing in INT^ Mode 0. 



Last INTo Mode 

Machine acknowledge 
Cycle cycle 



CALL instruction execution 



Interrupt 

service 

routine 



TiT2TwTwT3 T1T2T3 T1T2T3 Ti T1T2 T3T1 T2T3 



T1T2T3 



juinmrnmLnAnjin]^^^ 



INTo 



Ao— A18 
OR 
ME 

lOE 
RD 
WR 

Do )7 



PC 



CALL 
instruction 



- {cdh} 



i PC+1 



Starting 
Address 
(Low) 



w) 

■4) 



Starting 
Address 
(Higli 



/ (High) 



SP-2 



i_r"i__ri_f 



{PC+2KPCT2" 



/I 
i I 
I I 



Starting 
Address 



! The return address + 2 in the PC is pushed onto the stack. 



Figure 86 The CALL Execution Timing in INTq Mode 
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(3) Countermeasure 

Th e following explains the countermeasure of the problem in 
TNT; Mode 0. 
® RST 

When RST is executed, the correct return address in the PC 
is pushed onto the stack. 
® CALL 

When CALL is executed, the stack contents must be decre- 
mented by two in the interrupt service routine to return from 
the interrupt correctly. 

Table 18 summarizes how to adjust the stack contents depend- 
ing on the instruction to be executed. 

Main Routine 



Table 1 8 Stack Contents Adjustment 



Instruction 


Stack Contents Adjustment 


RST 


No 


CALL 


Decrement the stack contents by two 


Other 
instructions 


No 

(The PC is not stacked.) 



The INT„ Mode sequences when executing RST and CALL 
are shown in Fig. 87. 




inten-upt service routine 



RST /PC(High) — (SP-1) 
PC (Low) --(SP- 2) 
\SP-2~^SP 



El 
RETI 



PC (Low) (SP) 
PC (High) -(SP-f 1) 
SP — SP4-2 



(a) IRTo Mode Sequence when executing RST 
Main Routine^ 



Interrupt service routine 




(b) INT Mode Sequence when executing CALL 

NOTE) PC: PC indicates the return address 

Figured? INT q Mode Sequence 
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19 INSTRUCTION SET 

19.1 Instruction set overview 

The HD64180 is object code compatible with standard 8-bit op- 
erating system and application software. The instruction set also 
contains a number of new instructions to improve system and soft- 
ware performance, reliability and efficiency. 



New Instructions 



SLP 
MLT 

INO g, (m) 

OUTO (m), g 

OTIM 
OTIMR 
OTDM 
OTDMR 
TSTIO m 

TSTg 

TSTm 

TST (HL) 



Operation 



Enter SLEEP mode 

8-bit multiply with 16-bit result 

Input contents of immediate I/O address into 

register 

Output register contents to immediate I/O ad- 
dress 

Block output - increment 
Block output - increment and repeat 
Block output — decrement 
Block output — decrement and repeat 
Non-destructive AND, I/O port and accumula- 
tor 

Non-destructive AND, register and accumula- 
tor 

Non-destructive AND, immediate data and ac- 
cumulator 

Non-destructive AND, memory data and ac- 
cumulator 



(1) SLP - Sleep 

The SLP instruction causes the HD64180 to enter SLEEP low 
power consumption mode. See section 5 for a complete description 
of the SLEEP state. 

(2) MLT - Multiply 

The MLT performs unsigned multiplication on two 8 bit num- 
bers yielding a 16 bit result. MLT may specify BC, DE, HL or SP 



registers. In all cases, the 8-bit operands are loaded inio each half of 
the 16-bit register and the 16-bit result is returned in that register. 

(3) INO g, (m) - input. Immediate I/O address 

The contents of immediately specified 8-bit I/O address are 
input into the specified register. When I/O is accessed, OOH is out- 
put in high-order bits of address automatically. 

(4) OUTO (m), g - Output, immediate I/O address 

The contents of the specified register are output to the immedia- 
tely specified 8-bit I/O address. When I/O is accessed, OOH is output 
in high -order bits of address automatically. 

(6) OTIM, OTIMR, OTDM, OTDMR - Block I/O 

The contents of memory pointed to by HL is output to the I/O 
address in (C). The memory address (HL) and I/O address (C) are 
incremented in OTIM and OTIMR and decremented in OTDM and 
OTDMR respectively. B register is decremented. The OTIMR and 
OTDMR variants repeat the above sequence until register B is de- 
cremented to 0. Since the I/O address (C) is automatically incre- 
mented or decremented, these instructions are useful for block I/O 
(such as HD64180 on-chip I/O) initialization. When I/O is ac- 
cessed, OOH is output in high-order bits of address automatically. 

(6) TSTIO m - Test I/O Port 

The contents of the I/O port addressed by C are ANDed with 8- 
bit immediate data and the status flags are updated. The I/O port 
contents are not written (non-destructive AND). When I/O is ac- 
cessed, OOH is output in higher bits of address automatically, 

(7) TST g - Test Register 

The contents of the specified register are ANDed with the ac- 
cumulator (A) and the status flags are updated. The accumulator 
and specified register are not changed (non-destructive AND). 
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(8) TST m ~ Test Immediate 

The 8-bit immediate data is ANDed with the accumulator (A) 
and the status flags are updated. The accumulator is not changed 
(non-destructive AND). 

(9) TST (HL) - Test Memory 

The contents of memory pointed to by HL are ANDed with the 
accumulator (A) and the status flags are updated. The memory 
contents and accumulator are not changed (non-destructive AND). 



1 9.2 Instruction set summary 

The followings explain the symbols in instruction set, and the 
following tables summarize the operation of each instruction. 

(1) Register 

g, g\ WW, XX, yy, and zz specify a register to be used, g and g' 
specify an 8-bit register, ww, xx, yy, and zz specify a pair of 16-bit 
registers. The following tables show the correspondence between 
symbols and registers. 



g>g' 


Reg. 


WW 


Reg. 


XX 


Reg. 


yy 


Reg. 


zz 


Reg. 


000 


B 


00 


BC 


00 


BC 


00 


BC 


00 


BC 


001 


C 


01 


DE 


01 


DE 


01 


DE 


01 


DE 


010 


D 


10 


HL 


10 


IX 


10 


lY 


10 


HL 


oil 


E 


11 


SP 


11 


SP 


11 


SP 


11 


AF 


100 


H 










101 


L 




111 


A 



NOTE: Suffixed H and L to ww,xx,yy,zz (ex.wwH,IXL) indicate 
upper and lower 8-bit of the 16-bit register respectively. 

(2) Bit 

b specifies a bit to be manipulated in the bit manipulation in- 
struction. The following table shows the correspondence between b 
and bits. 



f 


Condition 


000 


NZ non zero 


001 


Z zero 


010 


NC non carry 


oil 


C carry 


100 


PO parity odd 


101 


PE parity even 


110 


P sign plus 


111 


M sign minus 



(4) Restart Address 

v specifies a restart address. The following table shows the cor- 
respondence between v and restart addresses. 



V 


Address 


000 


OOH 


001 


08H 


010 


lOH 


oil 


18H 


100 


20H 


101 


28H 


110 


30H 


111 


38H 



(S) Flag 

The following symbols show the flag conditions. 





not affected 


? 


affected 


X 


undefined 


S 


set to 1 


R 


reset to 


P 


parity 


V 


overflow 



b 


Bit 


000 





001 


1 


010 


2 


Oil 


3 


100 


4 


101 


5 


110 


6 


111 


7 



(3) Condition 

f specifies the condition in program control instructions. The fol- 
lowing shows the correspondence between f and conditions. 



(6) Miscellaneous 

( )m 

( )l 

morn 
mn 
r 
R 
b.( 
b-gr 
dorj 
S 
D 

+ 
© 



M 



data in the memory address 
data in the I/O address 
8-bit data 
16-bit data 
8-bit register 
16-bit register 

a content of bit b in the memory address 
a content of bit b in the register gr 
8-bit signed displacement 
source addressing mode 
destination addressing mode 
AND operation 
OR operation 

EXCLUSIVE OR operation 
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Data Manipulation Instructions 



Arithmetic and Logical Instructions (8-bit) 



Op«ration 






AddrMwng 










Flag 




















MNEMONICS 


OP-code 






Bytes 


States 


Operation 


7 6 4 2 


1 


name 






















MMED 


EXT 


ND 


REG 


REG) 


IMP 


REL 








S Z H PA/ 


N C 


ADD 


ADDA.a 


10 000 g 
















1 


4 




I I I V 


R I 




ADO A. (HU 


10 000 110 










s 


D 




1 


6 


Ar-f- (HUm~'Ai' 


1 I I V 


R 1 






1 1 000 1 10 


s 










D 




2 






t t I V 


R 1 


































ADD A, (IX -fd) 


1 1 01 1 101 






s 











3 


14 


Ar-f flX+ dlM—Ar 


1 t I V 


R I 






10 000 1 10 


























































ADD A. QY+ d) 


n in 101* 






s 






D 




3 


14 


Ar+ QY+ d)M~*Ar 


1 I I V 


R I 






10 000 110 






























< d > 


























__ 




ADC A.9 


^^^^ ^ 








__ 








— j— 


4 


'^l gr+c- f<t 


1 I I V 


R \ 






10 001 1 10 






















I I 1 V 


R I 




ADCA,m 


1 1 001 110 




















fn'f' c *Ar 


I 1 1 V 


R t 


































ADC A, OX d) 


11011 101 






s 






D 








MrT MAT Oli^-rc -"W 


I I 1 V 


R I 






10 001 1 10 






























< d > 




























ADC A. OY+d) 


11111 101 






s 






D 




3 


14 


Ar+(IY + d)M+c— Ar 


1 I I V 


R I 






10 001 110 






























< d > 


























AND 


ANDg 


10 100 9 








S 




D 




1 


4 


Ar • gr— Ar 


I I S P 


R R 




AND (HU 


10 100 110 










s 


D 




1 


6 


Ar • (HUw-Ar 


1 I S P 


R R 




AND m 


11 100 110 


s 










D 




2 


6 


Ar m— Ar 


1 1 S P 


R R 






< m > 




























AND dX+d) 


11 Oil 101 






s 






D 




3 


14 


Ar - (IX+d)M-Ar 


I I S P 


R R 






10 100 110 






























< d > 




























AKin (IV 4- Hi 

Ant/ u" T at 








s 






D 








Ar AV4- ^L. >Ar 


I I S P 


R R 






10 100 1 10 






























< d > 


























Compare 


CP 9 


10111 9 








S 




D 




1 


4 


Ar— gr 


t 1 1 V 


s 1 




CP (HU 


10 111 110 










s 


D 




1 


6 


Ar-(HUM 


I I 1 V 


s t 




CPm 


11 111 110 


s 










D 




2 


6 


Ar-m 


I 1 I V 


s I 






< m > 




























CP (IX+ d) 


11 Oil 101 






s 






D 




3 


14 


Ar-(IX+d)M 


I 1 1 V 


s I 






10111 110 






























< d > 




























CP OY+d) 


11 111 101 






s 






D 




3 


14 


Ar-(IY+d)M 


1 I I V 


s t 






10 111 110 






























< d > 


























COMPLEMENT 


CPL 


00 101 111 












S/D 




1 


3 


Ar-Ar 


• S • s • 














S/D 












gr- 1— gr 


1 I I V 


s • 




DEC (HU 


00 110 101 










S/D 








10 


(HUm-1-(HUm 


I 1 1 V 


s • 




DEC OX+d) 


11 oil 101 






S/D 










3 


18 


0X+d>M-1- 


I 1 I V 


S 






00 110 101 




















«X+d)M 










< d > 




























DEC (IY+d> 


11 111 101 






S/D 










3 


18 


(lY+dlM-l-* 


I I I V 


S • 






00 110 101 




















(IY+d)M 










< d > 


























INC 


NCs 


00 9 100 








S/D 








1 


4 


gr+1— gr 


I I 1 V 


R • 




MC (HU 


00 110 100 










S/O 








10 


(HUm+1-(HUm 


1 1 I V 


R 




WC (IX-f d) 


11 Oil 101 






S/D 










3 


18 


(IX+d»M+1- 


I 1 I V 


R • 






00 110 100 




















(IX + d)v 







(to be continued) 
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nag 


OfMcMon 


MNEMONKpS 


OP-code 






BytM 


StatM 


Oparation 


















EXT 


mo 


REG 


REG! 


IMP 


REL 








S Z H P/V 


N 


C 


MC 




< d 


> 






























MC OY+d) 


11 111 


101 






S/D 










3 


18 


(IY+d)M+ 1— 


! I I V 


R 








00 110 


100 




















(IY + d)M 












< d 


> 




























MULT 




11 101 


101 








S/D 








2 


17 














01 wwl 


100 




























NEGATE 


NEC 


11 101 


101 












S/D 




2 


6 


0-Ar— Af 


I 1 t V 


S 


1 






01 000 


100 




























OR 


ORfl 


10 110 


8 
















1 


4 


Ar-fflr— Af 


t 1 R P 


R 


R 




ORHJ 


10 no 


no 
















^ 


6 


Af+WU^-Ar 


1 1 R P 


R 


R 




ORm 


11 110 


1 10 


S 














2 


6 


Ar-t-m— Ar 


1 1 R P 


R 


R 






< m 
































OR OX+d) 


11 oil 


101 






s 






D 




3 


14 


Ar+(IX + d»M-'Ar 


1 I R P 


R 


R 






10 110 


110 
































< d 


> 






























OR OY+d) 


11 111 


101 






s 






D 




3 


14 


Ar+(IY+d)M->Ar 


I I R P 


R 


R 






10 110 


no 






























































SUB 


SUBg 


10 010 


9 








S 




D 




1 


4 


Ar— gr— Ar 


1 1 1 V 


S 


I 




sue IHU 


10 010 


110 










S 







1 


6 


Ar- <HUM-Ar 


I t I V 


s 


I 




SUBm 


11 010 


no 


S 










D 




2 


6 


Ar- m— Ar 


j I J V 


s 


I 






< m 


> 






























sue nx+d) 


11 Oil 


101 






s 






D 




3 


14 


Ar-(IX+d>M-Ar 


I 1 I V 


s 


j 






10 010 


110 
































< d 


> 






























SUB(tY+d> 


11 111 


101 






s 






D 




3 


14 


Ar-«Y+d>M-Ar 


I 1 f V 


s 


1 






10 010 


no 
































< d 






























suae 


SBC A,9 


10 011 











S 









1 


4 


Ar— gr— c— Ar 


I 1 1 V 


s 


t 




SBC A, WO 


10 011 


no 










s 







1 


6 


Ar-(HUM-c— Ar 


1 I 1 V 


s 


I 




SBC A.m 


11 oil 


110 


S 










D 




2 


6 


Ar-m-c-Ar 


I 1 I V 


s 


I 






< m 


> 






























SBC A, «X+d) 


11 Oil 


101 






s 











3 


14 


Ar-flX+d>M-c-Ar 


I I I V 


s 


1 






10 on 


110 
































































SBC A. OY+d) 


n in 


loi' 
















3 


14 


Ar-aY+d)M-c-Ar 


I I 1 V 


s 


I 






10 011 


































d 






























TEST 


TSTo 


11 101 


101 








S 








2 


7 


Ar-gr 


1 I S P 


R 


R 






OOg 


100 






























TSTMJ 


11 101 


101 










s 






2 


10 


Ar - <HUm 


I I S P 


R 


R 






00 110 


100 






























TSTm 


11 101 


101 


s 














3 


9 


Ar m 


I I S P 


R 


R 






01 100 


































< m 


> 




























XOR 


XORs 


10 101 


9 








s 




D 




1 


4 


Ari^ gr--Ar 


I I R P 


R 


R 




XOR (HU 


10 101 


no 










s 


D 




1 


6 


Ar® (HUM-Ar 


t 1 R P 


R 


R 




XOR m 


11 101 


110 


s 















2 


6 


ArSm— Ar 


1 j R P 


R 


R 






< m 


> 






























XOR «X-^d» 


11 Oil 


101 






s 






D 




3 


14 


Ar6 (lX+d)M-Ar 


1 1 R P 


R 


R 






10 101 


110 
































< d 


> 






























XOR «Y+d» 


11 111 


101 






s 






D 




3 


14 


Ar® (IV + d)M— Ar 


1 I R P 


R 


R 






10 101 


110 
































< d 


> 
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Rotate and Shift Instructions 



7 6 4 2 1 



Z H P/V N C 



Shfft 
Data 



RLA 
RLfl 



RL <HU 

RL (IX+d) 



RLCA 
RLC g 



RRCA 
RRCfl 



00 010 111 
11 001 Oil 
00 010 g 

n 001 oil 

00 010 110 

11 on loi 
11 001 on 

< d > 
00 010 110 
11 111 101 
11 001 oil 

< d > 
00 010 110 
00 000 111 
11 001 oil 
00000 g 

11 001 oil 

00 000 110 

11 oil 101 

11 001 oil 

< d > 
00 000 110 
11 111 101 
11 001 oil 

< d > 

00 000 110 
11 101 101 

01 101 111 
00 011 111 

11 001 on 

00 oil g 

11 001 oil 

00 011 110 

11 oil 101 

11 001 oil 

< d > 

ooon 110 

11111 101 

11 001 oil 

< d > 
00 011 110 

00 001 ni 
11 001 on 

00 001 g 

11 001 oil 

00 001 110 

11 011 101 

11 001 oil 

< d > 

00 001 110 

11 111 101 

11 001 oil 

< d > 



k>iiiiiiiiP 



□^uZllijjlP 



I] (HUM 



I I I I I I N >1 



^ ?iTi 1 1 1 1 M hd 



R • R I 
R P R I 



I I R P R I 
t I R P R I 



1 J R P R I 



• • R R t 

I 1 R P R t 



t 1 R P R I 
I t R P R 1 



I t R P R I 



I I R P R 



R R { 

1 I R P R I 



1 1 R P R t 
t 1 R P R I 



I 1 R P R J 



• • R R J 

I I R P R I 



t I R P R I 
1 I R P R J 



I I R P R I 
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Flag 


Operation 
name 


MNEMONICS 


OP-code 






A 


ddressm 


a 






Bytas 


States 


Operation 


7 6 4 2 


1 






IMMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 








S Z H PA/ 


N C 


Rotata 


Rf© 


11 101 101 












S/D 




2 


16 


UJiJLlJij|Ar 


I 1 R P 


R 


III 


SLA 9 
SU (HU 
SLA (IX +d) 

SIA (IY+ d) 


01 100 111 
11 001 oil 
00 100 g 
11 001 Oil 
00 100 110 
1 1 01 1 101 
11 001 oil 

< d > 
00 100 110 
11 111 101 
11 001 oil 

< d > 
00 100 110 






S/D 
S/D 


S/D 


S/D 






2 
2 
4 

4 


/ 
13 
19 

19 


frfhrfniHUv 
rwiiiiiii>- 


J I R P 
I 1 R P 
1 j R P 

1 I R P 


R 1 
R 1 
R I 

R I 




SRAg 


11 001 oil 
00 101 g 








S/D 








2 


7 


^j_LLijjj>g 


t 1 R P 


R 1 




SRA (HL) 


11 001 Oil 
00 101 110 










S/D 






2 


13 




I 1 R P 


R 1 




SRA {IX+ d) 


11 Oil 101 
1 1 001 01 1 
< d > 
00 101 1 10 






S/D 










4 


19 




1 I R P 


R I 




SRA (lY+d) 


11 111 101 
11 001 Oil 

< d > 






S/D 










4 


19 




1 1 R P 


R t 




SRLg 


00 101 110 
11 001 oil 








S/D 








2 


7 


•^ 1 1 1 1 1 1 1 K] 


t 1 R P 


R 1 




SHL (HU 


00 111 g 
11 001 Oil 
00 111 110 










S/0 






2 


13 




I 1 R P 


R I 




SRL (IX +d) 


11 Oil 101 
11 001 Oil 
< d > 
00111 110 






S/D 










4 


19 




I I R P 


R I 




SRL (TY+d) 


11 111 101 
11 001 oil 
< d > 
00111 110 






S/D 










4 


19 




I I R P 


R I 
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Bit Manipulation Instructions 



Oparation 
name 




OP-cod« 


Addramng 


BylM 


StalM 


OpMHon 


Rag 


7 


6 4 2 


1 


MMED 


EXT 


MD 


REG 


REQ 


MP 


REL 


S 


Z H PA/ 


N C 


Bit Set 


SET b,g 
SET b. ftHU 
SET b, (IX+ d> 

SET b, (lY+d) 


11 001 Oil 
11b g 
11 001 Oil 
11 b 110 
11 Oil 101 
11 001 Oil 

< d > 
11 b 110 
11 111 101 
11 001 Oil 

< d > 
11 b 110 






S/D 
S/D 


S/D 


S/D 






2 
2 
4 

4 


7 
13 
19 

19 


1-bgr 
1-b - MJm 
1— b- OX+d)M 

1-b - lY+dJM 




Bit naset 


RESb« 
RES b, m 
RES b, OX+d) 

RESb. OY+d) 


11 001 Oil 

10 b g 

11 001 Oil 
10b 110 
11011 101 
11 001 Oil 

< d > 
10b 110 
11 111 101 
11 001 Oil 

< d > 
10b 110 






S/D 
S/0 


S/D 


S/D 






2 
2 
4 

4 


7 

13 
19 

19 


0— bgr 
0— b- IX+d)v 
0-b (IY+d)M 




Bit Test 


BITb,fl 


11 001 Oil 








S 








2 


6 




X 


I S X 


R • 






01 b g 










































S 






2 


9 


b • «Um— I 


X 


1 S X 


R • 






01 b 110 






























BfTb, dX+d) 


11 Oil 101 






S 










4 


15 


b- flX+dlM--2 


X 


1 S X 


R • 






11 001 Oil 
































< d > 
































01 b 110 






























BITb. (lY+d) 


11 111 101 






S 










4 


16 


b - 4Y+d)M-2 


X 


I S X 


R • 






11 001 Oil 
































< d > 
































01 b 110 
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Arithmetic Instructions (16-bit) 













/ 
















Flaa 


Oporatmn 
nam* 




OP -coda 








kddmsw 








Bytn 


StatM 




7 6 4 2 1 






MMED 


EXT 


MO 


REG 


REQ 


MP 


REL 








S Z H P/V N C 


ADO 


ADDHL.WW 
ADDtX.xx 


OOwwl 001 
11 Oil 101 
00 xxl 001 








S 
S 




D 
D 




1 
2 


7 
10 


HU+www-HU, 

IXB+X)*~IXfl 


• • X • R I 
■ • X • R J 




ADO lY.yy 


11 111 101 
00 yyl 001 








S 








2 


10 


IYb+wb— IYr 


X • R { 


ADC 


ADCHLww 


11 101 101 
01 wwl 010 








s 




D 




2 


10 


HU,+ wwR+c-HU 


1 1 X V R I 


DEC 


DEC WW 
DEC IX 


00 wwl Oil 
11 Oil 101 
00 101 Oil 

00 101 Oil 








S/D 




S/D 




2 


4 

7 


WWR- 1— WWR 

IXr-1-IX« 
IYr- 1— IYr 




wc 


MCww 
INC IX 

INCIY 


00 wwO Oil 
11 Oil 101 
00 100 Oil 
11 111 101 
00 100 oil 








S/D 




S/D 
S/D 




1 
2 

2 


4 

7 

7 


WWR+ 1— WWR 

IX«+1-IXb 
IY«+1-IYr 




sac 


SBCHUww 


11 101 101 
01 wwO 010 








S 




D 




2 


10 


HLr~wwr-c— HLr 


1 I X V S I 
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Data Transfer Instructions 



8-Bit Load 













A 


ddratsn 
















nam* 














a 






Bytaa 


Statas 




7 6 4 2 


1 








MMEO 


EXT 


NO 


REG 


REQ 


MP 


REL 








S Z H P/V 


N C 


UMd 


LO A.I 


11 101 101 












S/D 




2 


6 


Ir-Ar 


I J R EF2 


R • 


8-M 




01 010 111 


























Data 


LDA.R 


11 101 101 
01 Oil 111 












S/D 




2 


6 


Rr-Ar 


I t R eF» 


R • 




LOA. (BC) 


00 001 010 










S 







1 


6 


«BC)M-Ar 








LOA. (DO 


00 011 010 










S 







1 


6 


(DE)„-Af 








LOA. (mn) 


00 111 010 

< n > 

< m > 




S 








D 




3 


12 


«mn>M-Ar 
- 








LOIA 


11 101 101 
01 000 111 












S/D 




2 


6 


Ar-lr 








LOM 


11 101 101 
01 001 111 












S/D 




2 


6 


At— Rr 








LD (BCU 


00 000 010 










D 


S 






7 


Ar-(BC)„ 










00 010 010 










D 


S 




1 


7 


Ar-«DE)M 










00 110 010 

< n > 

< m > 




D 








S 




3 


13 


Ar-fcTWjM 








LDftfl' 


01 g g' 








S/D 








, 


4 


gr— gr 








LDg, MJ 


01 g 110 








D 


S 






1 


6 


(HUM-gr 








LD g,m 


OOg 110 

< m > 


S 






D 








2 


6 


m— gr 








LDg, (IX+d) 


11 Oil 101 
01 g 110 

< d > 






S 


D 








3 


14 


«x+d)M-gr 








LDfl. OY+d) 


11 111 101 
01 g 110 

< d > 






S 


D 








3 


14 


(IY+d)M-gr 








LD (HU.m 


00 110 110 

< m > 


S 















2 


9 










LDOX+dKm 


11 Oil 101 
00 110 110 

< d > 

< m > 


S 




D 










4 


15 


m— OX+d)M 








LD OY+d),in 


11 111 101 
00 110 110 

< d > 

< m > 


S 















4 


15 


m-OY+dV, 








LD(HU4| 


01 110 g 








S 


D 








7 


gr-«JM 








LD OX+d).a 


11011 101 
01 110 g 

< d > 






D 


S 








3 


15 


gr-flX+d)M 








LDOY+dKfl 


11111 101 
01 110 g 
< d > 









S 








3 


15 


g»-OY+d)M 
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16- Bit Load 



Operation 
name 


MNEMONICS 


OP-code 


Addressing 


Bytes 


States 


Operation 


Flag 


7 6 4 2 1 


IMMED 


EXT 


INO 


REG 


REGI 


IMP 


REL 


S Z H PA^ N C 


Load 


LO WW, mn 


00 


wwO 


001 


S 















3 


9 


mn— WWR 




16-M 




< 




> 
























Data 




< 


m 


> 


























LDIX, mn 




Oil 


101 


S 










D 




4 


12 


mn— IXfl 








00 


100 


001 




























< 




> 




























< 


m 


> 


























LO lY, mn 


1 1 


111 


101 


S 










D 




4 


12 


mn— IYr 








00 


100 


001 




























< 


„ 


> 




























< 


m 


> 


























LD SP, HL 


11 


111 


001 












S/D 




1 


4 


HI^-SPr 






LD SP. IX 




Oil 


101 












S/D 




2 


7 


IX«-SPR 










111 


001 


























LD SP. lY 


11 


111 


101 












S/0 




2 


7 


IYr-SPr 








11 


111 


001 


























LO WW, (nm) 


1 1 


101 


101 




S 













4 


18 


(mn+ Dm— wwHr 








01 


wwl 


oil 




















(mn)M— wwLr 








< 




> 




























< 


m 


> 


























LO HL. (mn) 


00 


101 


010 




s 








D 








(mn+ 1)m— Hr 
































(mn)M— Lr 








< 


m 


> 


























LO IX, (mn) 


11 


Oil 


101 




s 













4 


18 


(mn+ Dm— IXHr 








00 


101 


010 




















(mn)M— IXLr 












> 




























< 


m 


> 


























LO lY, (mn) 


11 


111 


101 




s 













4 


18 


(mn+1)M-IYHf 








00 


101 


010 




















(mn)M-IYLr 








< 




> 




























< 


m 


> 


























LD (mn),ww 


11 


101 


101 









S 








4 


19 


wwHr— (mn-f Dm 








01 


wwO 


01 1 




















wwLr— (mn)M 








< 


n 


> 




























< 




> 


























LO (mn),HL 


00 


100 


010 













S 




3 


16 


Hr-(mn+ Dm 








< 




> 




















Lr— (mn)M 








< 




> 


























LO (mn). IX 


11 


Oil 


101 













S 




4 


19 


IXHi— (mn+ Dm 








00 


100 


010 




















IXLr-(mn)M 








< 




> 




























< 




> 


























LD (mn), lY 


11 




101 













S 




4 


19 


IYHr-(mn4-DM 








00 


100 


010 




















lYLf— (mn)M 








< 




> 




























< 




> 
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Block Transfer 



Opmtion 
name 










A 




















MNEMONICS 


OP-cod« 








ddrvM«n 


B 






Bytw 


StalM 






7 6 4 2 


1 








MMEO 


EXT 


MD 


REG 


REGi 














^ ' " ^ 




Mock 




























® ® 




Trarafw 


CPO 


11 101 101 










S 


S 




2 


12 


Ar 


-MJm 


t 1 t t 


S • 


SMivh 
Data 


CPDR 


10 101 001 

11 101 101 
10 111 001 










S 


S 




2 


14 

12 


BCr-1-BCr 

BCR^OADfeWOw 
BC|,=Oor Ar=(HU„ 


® ® 
t t t i 


S • 




























-At-MJm 






























• 

Re, 


BQ,-1-BC« 
.HU-1~HU 
Mat Q untt 






























Ar 


= WOMorBCR=0 


® © 






CPI 


11 101 101 
10 100 001 










s 


s 




2 


12 


Ar 

Bq 


-MJm 
0-1 -BC« 


till 


S • 




























1 ? 1 ? 






CP« 


11 101 101 
10 110 001 










S 


s 




2 


14 

12 


BCr^^O ArifeHJM 

BQ,= OorAr=(HOM 
f-Ar-WOM 


1 1 1 1 






























BCr-1-BQ, 
.Hl«+1-HU, 
Mat Q until 






























Ar 


= WOMOrBC«=0 


VI/ 






LDO 


11 101 101 
10 101 000 










S/D 






2 


12 


D^-1-0^ 


• • R I 


R • 




LOOR 


11 101 101 
10 111 000 










S/D 






2 


uecn^o* 

12«BCr=0I 


Q 

»^ 


BCr-1-BQ, 
0^-1-0^ 

_HU-1-HU 

MMQuntl 


• • R R 


R • 


























BCr=0 


vl; 






LDI 


11 101 101 
10 100 000 










S/D 






2 


12 


MJm-OOm 
BCr-1-BCr 
0^+ 1-0^ 
HU+1-HU 


• • R I 


R • 






11 101 101 
10 110 000 










S/D 






2 


14©Cb=^0> 
12(BC«=0> 


Q 


-WUm-I)E)m 
BCb-1-BQ, 
DEa+l-O^ 

Mat Q until 


• • R R 


R • 


























BCb=0 







© PA/=0 BCr-1=0 
P/V= 1 BCr- 1^0 

® Z=1 Ar=H)M 
Z=0 Ar^tHUM 
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Stack and Exchange 



Oparation 
name 


MNEMONICS 


OP-code 


Addressing 


Bytes 


States 




Flag 


7 6 4 2 1 
















S Z H P/V N C 


PUSH 


PUSH zz 
PUSH IX 
PUSH lY 


11 zzO 101 

11 Oil 101 
11 100 101 

11 111 101 
11 100 101 








S 






S/D 
S/D 




2 
2 


11 
14 
14 


zzLr-<SP-2)M 

zzHr-(SP-1»M 

SPr-2-SPr 

IXU— (SP-2)m 

IXHr-(SP-1)M 

SPr-2-SPr 

IYLr-(SP-2>M 

IYHr-(SP-1)M 

SPr-2-SPr 




POP 


POP zz 
POP IX 
POP lY 


11 zzO 001 

11 Oil 101 
11 100 001 

n 111 101 

11 100 001 













S 

S/D 
S/D 




2 
2 


9 
12 
12 


(SP+ 1)M-zzHr 

(SP>M-zzLr 

SPr+2-SPr 

<SP+1)M-IXHr 

(SP)M-IXLr 

SPr+ 2-SPr 

(SP+ Dm— lYHr 

(SP)M->IYLr 

SPr+2-SPr 




Exchange 


EX AFM' 


00 001 000 












S/D 




1 


4 


AFr— AFr' 






EX DE,HL 


11 101 oil 












S/D 




1 


3 


DEr— HU, 






EXX 


11 oil 001 












S/D 




1 


3 


BCr~BCr' 




























DEr— DEr' 


































EX (SPl.HL 


11 100 oil 












S/D 






16 


Hr— (SP+ 1)m 




























Lr-(SP)M 






EX (SP).IX 


11 oil 101 












S/D 




2 


19 


IXHr— (SP+1)m 








11 100 oil 




















IXU — (SP)m 






EX (SP),IY 


11 111 101 












S/D 




2 


19 


lYHi — (SP+1)m 








11 100 oil 




















lYLr— (SP)m 
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Program Control Instructions 



MNEMONCS 


OP-cod0 


AddraMmg 


BytH 


StMM 


Oparalion 






MMED 


EXT 


MO 


REG 


REGI 


MP 


BEL 








CALLmn 


11 001 101 

















3 


16 


PCHr-©P- 1)m 




< n > 




















PCLr-6P- 2)m 




< m > 




















nnn— 'PCr 
























SPH-2-SPi, 


CAaf, mn 


11 f 100 

















3 


6(f fatM> 


cocitinua f M f atM 




< n > 


















16(1 tnia) 


CALL mn f • tiu* 




< m > 






















DJNZ 1 


00 010 000 














D 


2 


9(8r^0) 






< 1-2 > 
















2 


7(Br=0> 


























Br-1— Br 
























oontMii«8r=0 
























PC«+r-PCR8r*=0 


JP f , mn 


11 f 010 




D 














6(f falM) 






< n > 
















3 


9(f trut) 






< m > 




















mn— PCr.I • tni* 
























contmutf it Mm 


JPmo 


11 000 Oil 




D 
















mn-PCR 




< n > 














































JPHJ 


11 101 001 










D 






1 


3 


HU-PCr 


J»»0 


11 Oil 101 

















2 


6 


•X«-PCb 




11 101 001 






















JP«Y) 


11 111 101 

















2 


6 


iv«-pq, 




11 101 001 






















JR J 


00 oil 000 

















2 








< 1-2 > 






















JRCj 


00 111 000 














D 


2 


6 


contra* C=0 




< J.2 > 






















JRNCj 


00 110 000 

















2 


6 


conlmue C=1 




< j-2 > 
















2 


8 


PC«+r-PCB C=0 


JRZj 


00 101 000 
















2 


6 


conttwa Z=0 




< ^2 > 
















2 


8 


PCR+r-PC« Z=1 


JRNZj 


00 100 000 














D 


2 


6 


contniM Z=1 




< 1-2 > 
















2 


8 


PCr+p-PCr Z=0 


RET 


11 001 001 

















1 


9 


























(SP+ 1)m— PCHr 
























SPr+ 2— SPr 


RETf 


11 f 000 

















1 


5(f faba) 


COfltWHK f falM 




















1 


10<f Irua) 


RET f Btnw 


nm 


11 101 101 












D 




2 


12 


(SPW— PCLr 




01 001 101 




















(SP+ 1)M-PCHr 
























SPR+2-SPR 


RETN 


11 101 101 












D 




2 


12 


(SP)»r-PCU 




01 000 101 




















(SP+ Iki-PCHr 
























SPr+2-S^ 



























7 6 4 2 1 



Z H P/V N C 
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nam* 




OP-coda 


Addrasang 


Bytea 


Statas 


Opaiation 


nag 


7 8 4 2 1 


NMMED 


EXT 


MO 


REG 


REGI 


IMP 




S Z H P/V N C 


Rastart 


RSTv 


11v 111 

















1 


11 


PCHr-(SP- 1)m 
PClr-(SP- 2)m 
0— PCHr 
v-PCLr 
SPr-2-SPr 





I/O Instructions 



7 6 4 2 1 



S Z H P/V N C 



11 Oil Oil 

< m > 



11 101 101 
01 g 000 



11 101 101 
OOg 000 



11 101 101 
10 101 010 



11 101 101 
10 111 010 



11 101 101 
10 100 010 



11 101 101 
10 110 010 



14(Bf=9fc<M 
12(Br=0) 



12(Br=0> 



(Am»|— Ar 

m— Ao~A? 
Ar-A«~A.s 



Cr-Ao-A? 

Br— Ae~Ais 

I00m»r-gr 

g=110 Only the 

flags wM 

change 

m— Ao~A7 

00-Aa~Ai5 

(BO,-(H0m 

HLr— 1— HLr 

Br-1— Br 

Cr-Ao~A7 

Br-A«~Ai5 
•»C)r-(HUM 
Hg,-1-HU 
.Br-1— Br 



Cr-Ao~A7 
Bi— A.-Ais 

HW,+ 1-HU 
Br-1— Br 
Cr-Ao~-A7 
Br->A»-~A.5 
^(BC),-WJm 
Hlfl+1-HU 
,Br-1— Br 
Repeat Q until 
Br=0 

Cr-Ao--A7 
Br-A.~Ai» 



I I R P R 



I 1 R P R 



X I X X I X 



® 

X S X X 1 X 



X I X X I X 



® 

X S X X t X 



(to be continued) 
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Opmtion 
nam* 



IMMED EXT MD REG REGI 



7 6 4 2 1 



Z H P/V N C 



11 101 101 
01 g 001 



11 101 101 
00 g 001 



11 101 101 
10 001 Oil 



11 101 101 
10 011 Oil 



11 101 101 
10 111 Oil 



11 101 101 
10 100 oil 



11 101 101 
10 110 oil 



11 101 101 
01 110 100 



14(Br=0) 



14(Br:?=0) 
12(Br=0) 



14(Br:^0) 
12(Br=0) 



At- (Am), 

m— Ao~A7 

Ar-Ag-Ais 

flr-(BC), 

Cr-*Ao~Ar 

Br-Ae~Ais 

gr-(00m), 

m— Ao—A? 

0O~A.~Ai» 

(Ht>M-(OOC), 

Hlfl-l-HU 

Cr-1— Cr 

Br-1— Br 

Cr— Ao~A7 

00— A8~A.5 
■ (HUm-^IOOC), 
HLr— 1— 'Hlfl 
Cr-1-Cr 
Br-1 -Br 



Cr— Ao~ 
00-Ae~ 



Hlfl- 1— HLb 
Br-1 -Br 
MtQunM 
Br=0 

Cr-Ao~A7 
Br-Ae~A.s 

Hl«+1-Hl« 

Br-1— Br 

Cr-Ao-A/ 

Br— Ae~At5 
"<HOm-(BC), 
Hlfl+1-Hg, 
Br-1— Br 



Br=0 

Cr-Ao~A7 
Br-Ae~Ais 
<00C), m 
Ci— Ao~A7 
00— A«~Ai, 



® 



® 

\ 







® 



X S X X 



I I S P R 
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EXT MD REG 



7 6 4 2 1 



S Z H P/V N C 



11 101 101 
10 000 Oil 



11 101 101 
10 010 Oil 



1601^0) 
14(Br=0> 



11 101 101 
10 101 Oil 



MU+1-HU 
Cr+1— Cr 
Br-1— Br 
Cr-Ao~A7 
00— Ae-A.s 
*«Om-»0C», 
Hi*+1-Hl« 
Cr+1— Cr 
Br-1— Br 
MtQuntI 
Br=0 

Cr-Ao-Ar 

00-A«~A.5 

MJm-<BC>, 

HU-1-HU 

Br-1— Br 

Cr-Ao~Ar 

Br-Ag~Ai» 



I I t P I I 





R S R S t 



® 
I 



(D Z=1 Br- 1=0 

Z=0 Br-1*=0 

N= 1 MSB of Data= 1 

N=0 MSBofDsta=0 



Special Control Instructions 



OparMon 
name 


MNGMONICS 


OP-cod0 


Addfwsmg 


BylM 


Statn 




Flae 


7 6 4 2 1 


MMED 


EXT 


MO 


REG 


REGI 


MP 


REL 


S Z H P/V N C 


SfMcal 


DAA 


00 100 111 












S/D 




1 


4 


Oacntal 
Adiust 
Accumulator 


I 1 t P • I 


Cairy 

CorMrol 


CCF 
SCF 


00111 111 
00 110 111 


















3 
3 


c=c 
1— c 


• • R • R 1 

• • R • R S 


CPU 


01 


11 110 Oil 


















3 


0— lEFi, O-EF2 (D 






B 


11 111 Oil 


















3 


1— 1— KFs (D 






HALT 


01 110 110 


















3 


CPUhallad 






MO 


11 101 101 
















2 


6 


IntafTupt 








01 000 110 




















modeO 






M 1 


11 101 101 
















2 


6 


Intamjpt 








01 010 110 




















mode 1 






M2 


11 101 101 
















2 


6 










01 oil 110 




















mod«2 






NOP 


00 000 000 
















1 


3 


No operation 






su» 


11 101 101 
















2 


8 


Slaap 








01 110 110 

























(D interrupts are not sampled at the end of Di or El. 
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20 INSTRUCTION SUMMARY IN ALPHABETICAL ORDER 



MNEMONICS 


Bytes 


Machine Cycles 


States 


ADC A,m 


2 


2 




ADC A.a 


1 


2 




ADC A. (HU 


1 


2 


ft 


ADC A. AX-hd) 




A 
u 


1A 
1 


ADC A (IY+ 


o 


A 


Id 


ADD A.m 


2 


2 


u 


ADD A a 


1 


4m 




ADD A. (HL) 


1 


2 




ADD A. flX+d) 


3 




14 


ADD A. OY+d) 


3 


5 


1 "T 


ADC HI. WW 


O 




1 w 


ADD HL.WW 




R 


7 


ADD IX y V 


9 


O 


1 V/ 


ADD lY w 




ft 

o 


1 n 


AND m 


o 


o 


D 


AND a 


1 

1 


9 


A 
*r 


AND MJ 


1 

1 


9 


A 

V 


AND flX+d) 


3 


ft 
u 




AND AY+d) 


o 
o 


A 


Id 


BIT h (HU 


o 


o 
o 


Q 


BIT h flX+d) 


A 

•t 


R 


1 R 


BIT b IIY+ d) 


4 


5 




Brrb.g 


2 


2 


6 


CAU tmn 


3 


2 


6 








(If condition is false) 




3 


6 


16 








(If condition is true) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


CALL mn 


3 


6 


16 


CCF 


1 


1 


3 


CPD 


2 


6 


12 


CPDR 


2 


8 


14 








(If BCr^O and Ar^(HL)M) 




2 


6 


12 








(If BCR=Oor Ar=(HL)M) 


CP (HL) 


1 


2 


6 


CPI 


2 


6 


12 


CPIR 


2 


8 


14 








(If BCr=7^0 and Ar=?^(HL)M) 




2 


6 


12 








(If BCR=Oor Ar=(HL)M) 


CP (IX-fd) 


3 


6 


14 


CP (lY+d) 


3 


6 


14 


CPL 


1 


1 


3 


CPm 


2 


2 


6 


CPg 


1 


2 


4 


DAA 


1 


2 


4 


DEC (HL) 


1 


4 


10 


DEC IX 


2 


3 


7 


DECIY 


2 


3 


7 


DEC OX+d) 


3 


8 


18 


DEC OY+d) 


3 


8 


18 


DECg 


1 


2 


4 


DEC WW 


1 


2 


4 


Dl 


1 


1 


3 



(to be continued) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


DJNZ j 


2 


5 


9 (If Bri^O) 




2 


3 


1 (If Br=0) 


El 


1 


1 


3 


EX AF,AF' 


1 


2 


4 


EX DE,HL 


1 


1 


3 


EX (SP),HL 


1 


6 


16 


EX (SP),IX 


2 


7 


19 


EX (SP),IY 


2 


7 


19 


EXX 


1 


1 


3 


HALT 


1 


1 


3 


IMO 


2 


2 


6 


IM 1 


2 


2 


6 


IM 2 


2 


2 


6 


INCg 


1 


2 


4 


INC (HL) 


1 


4 


10 


INC OX+d) 


3 


8 


18 


INC flY-f d) 


3 


8 


18 


INC WW 


1 


2 


4 


INC IX 


2 


3 


7 


INC lY 


2 


3 


7 


IN A,(m) 


2 


3 


9 


IN g,(C) 


2 


3 


9 


INI 


2 


4 


12 


INIR 


2 


6 


14 (If Br=9fcO) 




2 


4 


12 (If Br=0) 


IND 


2 


4 


12 


INDR 


2 


6 


14 (If Br^O) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


INDR 


2 


4 


12 (If Br=0) 


INO g,(m) 


3 


4 


12 


JP f,mn 


3 


2 


6 








(If f is false) 




3 


3 


9 








(If f is true) 


JP (HU 


1 


1 


3 


JP (IX) 


2 


2 


6 


JP OY) 


2 


2 


6 


JP mn 


3 


3 


9 


JR j 


2 


4 


8 


JR Cj 


2 


2 


6 








(If condition is false) 




2 


4 


8 








Of condition is tme) 


JR KC.i 


2 


2 


6 








Of condition is false) 




2 


4 


8 








Of condition is true) 


JRZj 


2 


2 


6 








Of condition is false) 




2 


4 


8 








Of condition is true) 


JR NZj 


2 


2 


6 








Of condition is false) 




2 


4 


8 








Of condition is taie) 



(to be continued) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


LD A, (BC) 


1 


2 


6 


LD A, (DE) 


1 


2 


6 


LD A,l 


2 


2 


6 


LD A (mn) 


3 


4 


12 


LD A,R 


2 


2 


6 


LD (BC),A 


1 


3 


7 


LDD 


2 


4 


12 


LD (DE),A 


1 


3 


7 


LD ww,mn 


3 


3 


9 


LD ww,(nnn) 


4 


6 


18 


LDDR 


2 


6 


14 (If BCo^O) 




2 


4 


12 (If BCr=0) 


LD (HL),m 


2 


3 


9 


LD HL,(mn) 


3 


5 


15 


LD (HL),g 


1 


3 


7 


LDI 


2 


4 


12 


LD lA 


2 


2 


6 


LDIR 


2 


6 


14 (If BCb#0) 




2 


4 


12 (If BCd=0) 


LD iX,mn 


4 


4 


12 


LD IX (mn) 


4 


6 


18 


LD (IX+ d) m 


4 


5 


15 


LD flX+d).a 


3 


7 


15 


LD IY,mn 


4 


4 


12 


LD IY,(mn) 


4 


6 


18 


LD (IY+d),m 


4 


5 


15 


LD aY+d),g 


3 


7 


15 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


LD (mn),A 


3 


5 


13 


LD (mn),ww 


4 


7 


19 


LD (mn),HL 


3 


6 


16 


LD (mn),IX 


4 


7 


19 


LD (mn)JY 


4 


7 


19 


LD R,A 


2 


2 


6 


LD g,(HU 


1 


2 


6 


LD g,(IX+d) 


3 


6 


14 


LD g,(IY-f-d) 


3 


6 


14 


LD g,m 


2 


2 


6 


LD g,g' 


1 


2 


4 


LD SP,HL 


1 


2 


4 


LD SP,IX 


2 


3 


7 


LD SPJY 


2 


3 


7 


MLT WW 


2 


13 


17 


NEG 


2 


2 


6 


NOP 


1 


1 


3 


OR (HL) 


1 


2 


6 


OR (IX+d) 


3 


6 


14 


OR (lY+d) 


3 


6 


14 


OR m 


2 


2 


6 


ORg 


1 


2 


4 


OTDM 


2 


6 


14 


OTDMR 


2 


8 


16 (If Br^O) 




2 


6 


14 (If Br=0) 


OTDR 


2 


6 


14 (If Br:?fcO) 




2 


4 


12 (If Br=0) 



(to be continued) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


OTIM 


2 


6 


14 


OTIMR 


2 


8 


16 Of Br=^0) 




2 


6 


14 (If Br=0) 


OTIR 


2 


6 


14 (If Br=/=0) 




2 


4 


12 (If Br=0) 


OUTD 


2 


4 


12 


OUTI 


2 


4 


12 


OUT (m),A 


2 


4 


10 


OUT (C),g 


2 


4 


10 


OUTO (m),g 


3 


5 


13 


POP IX 


2 


4 


12 


POP lY 


2 


4 


12 


POP zz 


1 


3 


9 


PUSH IX 


2 


6 


14 


PUSH lY 


2 


6 


14 


PUSH zz 


1 


5 


11 


RES b,(HL) 


2 


5 


13 


RESb,OX+d) 


4 


7 


19 


RES b,(IY-l-d) 


4 


7 


19 


RES b,g 


2 


3 


7 


RET 


1 


3 


9 


RETf 


1 


3 


5 

(If condition is false) 




1 


4 


10 

(If condition is tme) 


RETI 


2 


4 


12 


RETN 


2 


4 


12 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


RLA 


1 


1 


3 


RLCA 


1 


1 


3 


RLC (HL) 


2 


5 


13 


RLC (IX+d) 


4 


7 


19 


RLC (lY+d) 


4 


7 


19 


RLCg 


2 


3 


7 


RLD 


2 


8 


16 


RL (HL) 


2 


5 


13 


RL (IX+d) 


4 


7 


19 


RL (lY+d) 


4 


7 


19 


RLg 


2 


3 


7 


RRA 


1 


1 


3 


RRCA 


1 


1 


3 


RRC (HL) 


2 


5 


13 


RRC (IX+d) 


4 


7 


19 


RRC (lY+d) 


4 


7 


19 


RRC g 


2 


3 


7 


RRD 


2 


8 


16 


RR (HL) 


2 


5 


13 


RR (IX+d) 


4 


7 


19 


RR (lY+d) 


4 


7 


19 


RRg 


2 


3 


7 


RST V 


1 


5 


11 


SBC A,(HL) 


1 


2 


6 


SBC A,(IX+d) 


3 


6 


14 


SBC A,(IY+d) 


3 


6 


14 


SBC A,m 


2 


2 


6 



(to be continued) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


SBC A,g 


1 


2 


4 


SBC HLww 


2 


6 


10 


SCF 


1 


1 


3 


SET b,(HL) 


2 


5 


13 


SET b,(IX+d) 


4 


7 


19 


SETb,(IY4-d) 


4 


7 


19 


SET b,g 


2 


3 


7 


SLA (HL) 


2 


5 


13 


SLA (IX+d) 


4 


7 


19 


SLA (lY+d) 


4 


7 


19 


SLAg 


2 


3 


7 


SLP 


2 


2 


8 


SRA (HU 


2 


5 


13 


SRA (IX+d) 


4 


7 


19 


SRA IIY+d) 


4 


7 


19 


SRAg 


2 


3 


7 


SRL (HU 


2 


5 


13 


SRL (IX+d) 


4 


7 


19 


SRL (lY+d) 


4 


7 


19 


SRLg 


2 


3 


7 


SUB (HU 


1 


2 


6 


SUB (IX+d) 


3 


6 


14 


SUB (lY+d) 


3 


6 


14 


SUBm 


2 


2 


6 


SUBg 


1 


2 


4 


TSTIO m 


3 


4 


12 


TSTg 


2 


3 


7 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


TSTm 


3 


3 


9 


TST (HL) 


2 


4 


10 


XOR <HL) 


1 


2 


6 


XOR (IX+d) 


3 


6 


14 


XOR (lY+d) 


3 


6 


14 


XOR m 


2 


2 


6 


XORg 


1 


2 


4 
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21 OP-CODE MAP 



> 
3 



29 



ro 
o 
o 
o 



M 

I > 
I? 



o 



CX5 
CO 

o 



CO 
CJl 



NOTED (HL) replaces g. 

2) (HL) replaces 8. 

3) If DDH is supplemented as 1 st op-code for the instructions which have HL or (HL) as an operand in Table 1 8, the instructions are executed 
replacing HL with IX and (HL) with (IX+ d). 

ex. 22H: LD (mn), HL 

DDH22H: LD(mn),IX 

If FDH is supplemented as 1 st op-code for the instructions which have HL or (HL) as an operand in Table 1 8, the instructions are executed 
replacing HL with lY and (HL) with (lY+d). 

ex. 34H: INC (HL) 
FDH34H: INC (lY+d) 
However, JP (HL) and EX DE, HL are exception and note the followings. 

If DDH is supplennented as 1 st op-code for JP (HL), (IX) replaces (HL) as operand and JP (IX) is executed, 
if FDH is supplemented as 1 st op-code for JP (HL), (IX) replaces (HL) as operand and JP (lY) is executed. 

Even if DDH or FDH is supplemented as 1 st op-code for EX DE. HL, HL is nbt replaced and the instruction is regarded as illegal instruction. 



;>-code map 
iction f CNrmat : XX 


ww(L0=ALL) 




L0=0~7 




BC 1 DE 1 HL 


SP 






BC 


DE 


HL 


AF 


zz 




g (L0=0~7) 




NZ 


NC 


PO 


P 


f 






B 


D 


H 


(HL) 


B 


D 


H 


(HL) 


OOH 


10H 


20H 


30H 


V 




"""^^ HI 
L0^\ 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


B 


0000 





NOP 


OJNZj 


JRNZ,j 


JRNC.j 


LD g.s 


NOTED 


ADDA 


SUB s 


AND s 


OR s 


RET f 








0001 


1 


LD WW, mn 


POP zz 


1 





0010 


2 


LD(ww). A 


LO(mn) 
,HL 


LO(mn) 
.A 


JP f.mn 


2 


JP mn 


OUTOi^ 
.A 


EX(SP) 
.HL 


Dl 


3 


E 


0011 


3 


INC WW 


H 


0100 


4 


INC g 1 NOTED 


CALL f, mn 


4 


L 


0101 


5 


DEC g [noted 


PUSH 22 


5 


(HL) 


0110 


6 


LD g.m 


NOTED 


N0TE2) 1 HALT 


N0TE2) 


N0TE2) 


N0TE2) 


N0TE2) 


A0DA.ffl|SUBm|ANDm|OR m 


6 


A 


0111 


7 


RLCA 


RLA 


DAA 


SCF 












RST V 


7 


B 


1000 


8 


EXAF.AF 


JR j 


JRZ.j 


JRCj 


LD g,s 


ADC A 

,s 


SBC A 

,s 


XOR s 


CP s 


RET f 


8 


C 


1001 


9 


ADD HU WW 


RET 


EXX 


JP(HL) 


LDSP. 
HL 


9 





1010 


A 


LD A, (ww) 


LDHL 
(mn) 


LD A,* 

(mn) 


JP f.mn 


A 


E 


1011 


B 


DEC WW 


Tabie2|IIA,(in)|D0E.HL| El 


B 


H 


1100 





INC g 


CALL f.mn 


C 


L 


1101 


D 


DEC g 


CAUnn 


NOTE3) 


Tables 


N0TE3) 


D 


(HL) 


1110 


E 


LD g. m 


N0TE2) 


N0TE2) 


N0TE2) 


N0TE2) 


N0TE2) 


ADCM 


SBCM 


XORm 


CP m 


E 


A 


1111 


F 


RRCA 


RRA 


CPL 


CCF 












RST V 


F 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




C 


E 


L 


A 


C 


E 


L 


A 




Z 


C 


PE 


M 


f 


g(L0=8~F) 


08H 


18H 


28H 


38H 


V 








L0=8~F 





CO 



Table 1 9 2nd op-code map 

Instruction format : CB XX 



























b (L0= 


=0-7) 































2 


4 


6 





2 


4 


6 





2 


4 


6 










HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


nil 








LO 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 






B 


0000 










































C 


0001 


1 


































1 




D 


0010 


2 


































2 




E 


0011 


3 


































3 




H 


0100 


4 


RLOg 


RL g 


SUg 






BIT b,g 






RES b,g 






SET b.g 




4 


-J 


L 


0101 


5 



































5 


< 


(HL) 


0110 


6 


NOTED 


NOTED 


NOTED 




NOTED 


NOTED 


NOTED 


6 


ti 


A 


0111 


7 
















7 




B 


1000 


8 


































8 




C 


1001 


9 


































9 


bO 


D 


1010 


A 


































A 




E 


1011 


B 


































B 




H 


1100 


C 


RROg 


RR g 


SRAg 


SRLg 




BIT b,g 






RES b.g 






SET b.g 




C 




L 


1101 


D 


































D 




(HL) 


1110 


E 


NOTED 


NOTED 


NOTED 


NOTED 


NOTED 


NOTED 


NOTED 


E 




A 


nil 


F 
















F 













1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


e 


D 


E 


F 




















1 


3 


5 


7 


1 


3 


5 


7 


1 


3 


5 


7 




























b (L0= 


= 8-F) 













N0TE1 ) If DDH is supplemented as 1 st op-code for the instructions which have (HL) as operand in Table 1 9, the instructions are executed replacing 
(HUwith (IX +d). 

If FDH is supplemented as 1 st op-code for the instructions which have (HL) as operand in Table 1 9, the instructions are executed replacing (HL) 
with (lY+d). 



Table 20 2nci op-code map 

Instruction format : ED XX 



WW (LO=ALL) 



BC DE HL SP 



g (L0=0-7) 



H 



B 



LO 



HI 



0000 



0001 0010 



0011 



0100 



0101 



0110 



0111 



1000 1001 1010 1011 1100 1101 1110 1111 



1 



6 



8 9 



B 



0000 



0001 



0010 



0011 



0100 



0101 



0110 



0111 



1000 



1001 



lOtO 



1011 



11XX) 



1101 



1110 



1111 



1N0 g, (m) 



OUTO (m),g 



IN g. (C) 



LOI 



LDIR 



OUT (C).g 



CPI 



CPIR 



SBC HUww 



TST g [TBfWJ 



LP (mn),ww 



MEG 



RETN 



IM 



INO g, (m) 



INI 



IM 1 



LDI,A LDA,! RRD 



|TSTm|T$TIOiii" 

slF] 



OTIMIOTIMR 



INIR 



OUTI 



OTIR 



IN g, (0) 



OUTO (m),g 



OUT (0),g 



ADC HL,ww 



LD WW, (mn) 



TST g 



MLT WW 



RETI 



LOaA 



LDD 



CRD 



IND 



OTDMIOTDMR OUTDlOrTDR 



LDDR 



CPDR 



1NDR 



M 2 



LDA,R 



RLD 



8[9|A|B|C|D|E|T" 



g (L0=8-F) 



HD64180R/Z 



22 BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE 



* (ADDRESS) : invaid 

Z (DATA) : high impedance. 



instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


UR 


HALT 


ST 


ADD HL,ww 


MCi 


T1T2T3 


Address 


1st 

op-code 





1 





1 





1 





MC2 
-MCs 


TiTiTiTi 




Z 


1 


1 


1 


1 


1 


1 


1 


ADD IX XX 
ADD IY,yy 


MCi 


T1T2T3 


1 St op~code 
Address 


1st 

op-code 





1 





1 





1 





MC2 


TiTaTa 


Address 


2nd 

op-code 





1 





1 





1 


1 


MCa 
— MCe 


TiTiTiTi 




z 


1 


1 


1 


1 


1 


1 


1 


ADC HUww 
SBC HL,ww 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 


MC3 
~MCe 


TiTiTiTi 


• 


Z 


1 


1 


1 


1 


1 


1 


1 


ADD A,g 
ADC A,g 
SUBg 
SBC A,g 
ANDg 
ORg 
XORg 
CPg 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MC? 


Ti 




Z 


1 


1 


1 


1 


1 


1 


1 


ADD A,m 
ADC A,m 
SUBm 
SBC A,m 
AND m 
OR m 
XORm 
CPm 


MCi 


TiT2T3 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MC2 


T1T2T3 


1st operand 
Address 


m 





1 





1 


1 


1 


1 


ADD A, (HU 
ADC A, (HU 
SUB (HU 
SBC A, (HU 
AND (HU 
OR(HU 
XOR (HL) 
CP (HU 


MCi 


TiT2T3 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MC2 


T1T2T3 


HL 


DATA 





1 





1 


1 


1 


1 


ADD A. flX+d) 
ADDA, OY+d) 
ADC A. (DC+d) 
ADC A. OY+d) 
SUB OX+d) 
SUB OY+d) 
SBC A. flX+d) 


MCi 


TiT2T3 


1st op-code 
Address 


Ist 

op-code 





1 





1 





1 





MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 



(to be contirujed) 
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Instaiction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


SBC A. (lY+d) 
AND (IX+d) 
AND (lY+d) 
OR (IX+d) 
OR (lY+d) 
XOR (IX+d) 
XOR (lY+d) 
CP (IX+d) 
CP (IY+ d) 


MC3 


TiTzTa' 


1 St operand 
Address 


d 





1 







1 




1 


MC4 

— MCs 


TiTi 




z 


1 




1 




1 




1 


MCe 


T1T2T3 


IX+d 
lY+d 


DATA 












1 




1 


BIT b.g 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 





1 





1 





MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


BIT b, (HL) 


MCi 


TiT2T3 


1 St op-code 
Address 


1st 

op-code 





^ 





^ 





^ 





MCs 


TiTzTa 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 


MC3 


T1T2T3 


HL 


DATA 





1 





1 


1 


1 


1 


BIT b. (IX+d) 
BIT b, (lY + d) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 





1 





1 





Md 


TiTzTa 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 


MC3 


T1T2T3 


1 St operand 
Address 


d 





1 





1 


1 


1 


1 


MC4 


T1T2T3 


3rd op-code 
Address 


3rd 

op-code 





1 





1 





1 


1 


MCs 


TiTaTa 


IX+d 
lY+d 


DATA 





1 





1 


1 


1 


1 


CALL mn 


MCi 


TiT2T3 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MCa 


T1T2T3 


1 St operand 
Address 


n 





1 





1 


1 


1 


1 


MCs 


T1T2T3 


2nd operand 
Address 


m 





1 





1 


1 


1 


1 


MC4 


Ti 




Z 


1 




1 




1 




1 


MCs 


T1T2T3 


SP-1 


PCH 


1 










1 




1 


MCe 


T1T2T3 


SP-2 


PCL 


1 










1 




1 


CALL f,mn 
(If condition 
IS false) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 















MCz 


T1T2T3 


1 St operand 
Address 


n 





1 







1 




1 
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Instruction 


Machine 
Cyde 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


CAU f.mn 
(if coTKiition 
is true) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MC2 


T1T2T3 


1st operand 
Address 


n 





1 





1 


1 




1 


MCa 


TiT2T3 


2nd operand 
Address 


m 





1 







1 


1 




MC4 


Ti 




Z 


1 


1 


1 


1 




1 


1 


MCs 


T1T2T3 


SP-1 


PCH 


1 
















MCe 


T,T2T3 


SP-2 


PCL 


1 










^ 




^ 


CCF 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















CPI 
CPD 


MCi 


TiT2Ta 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










! 







1 


MCa 


T1T2T3 


HL 


DATA 












1 




1 


MC4 
-MCe 


TiTiTi 




Z 


1 




1 


1 


1 




1 


CPIR 
CPDR 

(If BCr^O and 
Ar=?fc(HUM) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










, 










MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 







1 


MCs 


TiTaTa 


HL 


DATA 





1 





1 


1 


1 


1 


MC4 

-MCa 


TiTiTiTiTi 




Z 


1 


1 


1 


1 


1 




1 


CPR 
CPDR 

(If BCR=Oor 
Ar=(HUM) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 


MCa 


T1T2T3 


HL 


DATA 





1 





1 


1 


1 


1 


MC4 
~MCe 


TiTiTi 


• 


Z 


1 


1 


1 


1 


1 


1 


1 


CPL 


MCi 


TiT2Ta 


1 St op-code 
Address 


1st 

op-code 




















DAA 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


Ti 




Z 


1 




1 




1 




1 


Dl 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





















(to be continued) 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


DJNZ J 
(If Br^O) 


MCi 


TiTzTa 


1st op-code 
Address 


1st 

op-code 




















MCz 


Ti*1 




Z 


1 




1 




1 




1 


MC3 


TiTzTs 


1 St operand 
Address 


J-2 












1 




1 


MC4 
-MCs 


TiTi 




Z 


1 




1 




1 




1 


DJNZ J 
(If Br=0) 


MCi 


TiTzTa 


1 St op-code 
Address 


1st 

op-code 










' — 










MC2 


Ti*1 




Z 


1 




1 




1 




1 


MC3 


TiTzTa 


1 St operand 
Address 


J-2 












1 




1 


El 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















EX DE, HL 
EXX 


MCi 


TiTzT3 


1 st op-code 
Address 


1st 

op-code 




















EX AF. AF' 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


Ti 




Z 


1 




1 


— 1 


1 


- -V— . 


1 


EX (SP). HL 


MCi 


TiTzTa 


1 st op-code 
Address 


1st 

op-code 




















MCz 


TiTzTa 


SP 


DATA 





1 





1 


1 


1 


1 


MCa 


TiTzTa 


SP+1 


DATA 





1 





1 


1 


1 


1 


MC4 


Ti 


• 


Z 


1 


1 


1 


1 


1 


1 


1 


MC5 


TiTzTs 


SP+1 


H 


1 








1 


1 


1 


1 


MCe 


TiTzTs 


SP 


L 


1 














1 


EX (SP).IX 
EX (SP).IY 


MCi 


TiTzT3 


1st op-code 
Address 


1st 

op-code 




















MCz 


TiTzT3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


TiTzT3 


SP 


DATA 












1 




1 


MC4 


T1T2T3 


SP+1 


DATA 












1 




1 


MCs 


Ti 




Z 


1 




1 




1 




1 



"1 DMA, REFRESH, or BUS RELEASE cannot be executed after this state (Request is ignored) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 541 



HD64180R/Z 



Instmction 


Machine 
Cyde 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


Toe 


m 


HALT 


ST 


EX (SP), IX 
EX (SP), lY 


MCe 


T1T2T3 


SP+1 


IXH 
lYH 


1 










1 




1 


MC7 


T1T2T3 


SP 


IXL 
lYL 


1 










1 




1 


HALT 


MCi 


T1T2T3 


1 St op-code 
Address 


l8t 

op-code 

























Next op-code 
Address 


Next 
op-code 




















NVIO 
IM 1 
IM2 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MCa 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


INCg 
DECg 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


Ti 




Z 


1 




1 




1 




1 


INC (HU 
DEC (HL) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


HL 


DATA 












1 




1 


MC3 


Ti 




2 


1 




1 




i 




1 


MC4 


T1T2T3 


HL 


DATA 


1 









1 




1 


INC (IX+d) 
INC(IY+d) 

DEC (IX+d) 
DEC (lY+d) 


MCi 


. T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1 St operand 
Address 


d 












' 




1 


MC4 

-MCs 


TiTi 




Z 


1 




1 








1 


MCe 


T1T2T3 


IX+d 
lY+d 


DATA 
















1 


MCr 


Ti 




Z 


1 




1 








1 


MCs 


T1T2T3 


IX+d 
lY+d 


DATA 


1 













1 


INC WW 
DEC WW 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 















1 





MC2 


Ti 




Z 


1 




1 




1 




1 


INC IX 
INC lY 
DEC IX 
DEC lY 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-dode 




















MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


Ti 




Z 


1 




1 




1 




1 



(to tw continusd) 
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Instmction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 




ME 


lOE 


LIR 




ST 


WR 


HALT 


IN A,(m) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MC2 


TiT2T3 


1 St operand 
Address 


m 










1 


1 




1 


MC3 


TiTaTa 


m to A0--A7 
A to A8~Ai5 


DATA 







1 





1 




1 


IN g.(C) 


MC, 


T1T2T3 


1st op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MCa 


TiT2T3 


EC 


DATA 







1 





1 




1 


INO g,(m) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MC3 


T1T2T3 


1st operand 
Address 


m 










1 


1 




1 


MC4 


T1T2T3 


m to Ao~A7 
OOH to Aa-Ais 


DATA 







1 





1 




1 


INI 
IND 


MCi 


TiTaTa 


1 st op-code 
Address 


1st 

op-code 










1 










MCa 


TiTzTa 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MC3 


T1T2T3 


BC 


DATA 







1 





1 




1 


MC4 


T1T2T3 


HL 


DATA 


1 







1 


1 




1 


INIR 
INDR 
(If Br#0) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MCs 


T1T2T3 


BC 


DATA 







1 





1 




1 


MC4 


T1T2T3 


HL 


DATA 


1 







1 


1 




1 


MCs 
-MCe 


TiTi 




Z 


1 




1 


1 


1 




1 


INIR 
INDR 
(If Br=0) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 










1 










MCs 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MCa 


T1T2T3 


BC 


DATA 







1 





1 




1 


MC4 


T1T2T3 


HL 


DATA 


1 








1 


1 




1 
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HD64180R/Z 



bistaiction 


Machine 
Cycle 


States 


ADDRESS 


DATA 














ST 


RD 


WR 


ME 


lOE 


UR 


HALT 


JP mn 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


TiT2T3 


1st operand 
Address 


n 












1 




1 


MC3 


TiT2T3 


2nd operand 
Address 


m 












1 




1 


JP tmn 
(tf f is false) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1st operand 
Address 


n 












1 




1 


JP f.mn 
(If f is true) 


MCi 


TiTsTs 


1 St op-code 
Address 


1st 

op-code 




















MCa 


TiTzTs 


1 St operand 
Address 


n 












1 




1 


MCs 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


JP (HU 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















JP (IX) 
JP (lY) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


JRj 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1st operand 
Address 


1-2 












1 




1 


MC3 
~MC4 


TiTi 




Z 


1 




1 




1 




1 


JR Cj JR NCj 
JR Z,j JR NZ,j 
(If condition 
is false) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1st operand 
Address 


1-2 












1 




1 


IR r i IR NC i 
JR Zj JR NZj 
(If condition 
IS true) 


MCi 


T1T2T3 


1 st op-cod^ 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1st operand 
Address 


J-2 












1 




1 


MC3 
~-MC4 


TiTi 




Z 


1 




1 




1 




1 




MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


Ti 




Z 


1 




1 




1 




1 


LD g.m 


MCi 


T,T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1st operand 
Address 


m 












1 




1 
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HD64180R/Z 



Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALt 


ST 


LD g, (HL) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


HL 


DATA 












1 




1 


LDg, (IX+d) 
LD g, (lY+d) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 


MC3 


T1T2T3 


1 st operand 
Address 


d 





1 





1 


1 


1 


1 


MC4 

-MCs 


TiTi 




Z 


1 




1 




1 




1 


MCe 


T1T2T3 


IX+d 
lY+d 


DATA 












1 




1 


LD iHU.g 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MCz 


Ti 




Z 


1 




1 




1 




1 


MC3 


T1T2T3 


HL 


9 


1 









1 




1 


LD {IX+d),g 
LD (IY+d),g 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1 st operand 
Address 


d 












1 




1 


MC4 
-MCe 


TiTiTi 




Z 


1 




1 




1 




1 


MC7 


T1T2T3 


IX+d 
lY+d 


g 


1 









1 




1 


LD (HD.m 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1 st operand 
Address 


m 












1 




1 


MCs 


T1T2T3 


HL 


DATA 


1 









1 




1 


LD {IX+d),m 
LD (IY+d),m 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T,T2T3 


1 st operand 
Address 


d 












1 




1 


MC4 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


MCs 


T1T2T3 


IX+d 
lY+d 


DATA 


1 










1 




1 


LD A, (BC) 
LD A, (DE) 


MCi 


TiTsTa 


1 st op-code 
Address 


1st 

op-code 





1 
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Instnjction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


m 


Halt 


ST 


LD A, (BC) 
LD A, IDE) 


MC2 


TiT2T3 


BC 
DE 


DATA 












1 




1 


LD A,(mn) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1 St operand 
Address 


n 












1 




1 


MC3 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


MC4 


T1T2T3 


mn 


DATA 












1 




1 


LD (BC),A 
LD (DE).A 


MCi 


TiTzTa 


1 St op-code 
Address 


1st 

op-code 




















MC2 


Ti 




Z 


1 




1 




1 




1 


MCa 


T1T2T3 


BC 
DE 


A 


1 







1 


1 


1 


1 


LD (mn).A 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MCz 


TiT273 


1 St operand 
Address 














1 




1 


MC3 


TiT2T3 


2nd operand 
Address 


m 












1 




1 


MC4 


Ti 




Z 


1 




1 




1 




1 


MC5 


TiT2T3 


mn 


A 


1 









1 




1 


LD A,l 
LD A R 
LD l,A 
LD R,A 


MCi 


TiTzTs 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


LD WW, mn 


MCi 


TiTaTs 


1 St op-code 
Address 


1st 

op-code 




















MC2 


TiTzTs 


1 St operand 
Address 














1 




1 


MC3 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


LD IX,mn 
LD IY,mn 


MCi 


T1T2T3 


1 St op-code 
Addr^s 


1st 

op-code 




















MCz 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


1 St operand 
Address 


n 












1 




1 


MC4 


TiT2T3 


2nd operand 
Address 


m 












1 




1 


LD HL, (mn) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T,T2T3 


1 St operand 
Address 


n 












1 




1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 






m 




m 


HALT 


ST 


LD HL. (mn) 


MC3 


T1T2T3 


2nd operand 
Address 


m 





1 





1 


1 


1 


1 


MC4 


T,T2T3 


mn 


DATA 





1 





1 


1 


1 


1 


MCs 


T,T2T3 


mn+1 


DATA 





1 





1 


1 


1 


1 


LD ww,(mn) 


MCi 


T,T2T3 


1 St op-code 
Address 


Ist 

op-code 





1 





1 





1 




MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 


MC3 


T1T2T3 


1 St operand 
Address 


n 












1 






MC4 


TiTzTa 


2nd operand 
Address 


m 












1 






MCs 


TiT2T3 


mn 


DATA 












1 






MCe 


TiT2T3 


mn+ 1 


DATA 












1 






LD IX.(mn) 
LD IY,{mn) 


MC^ 


T1T2T3 


1st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCs 


T1T2T3 


1 St operand 
Address 


n 












1 






MC4 


T,T2T3 


2rKl operand 
Address 


m 












1 






MCs 


T1T2T3 


mn 


DATA 












1 






MCe 


T1T2T3 


mn+ 1 


DATA 












1 






LD (mn),HL 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


1st operarKi 
Address 


n 












1 






MC3 


T1T2T3 


2nd operand 
Address 


m 












1 






MC4 


Ti 




Z 


1 




1 




1 






MCs 


T1T2T3 


mn 


L 


1 










1 






MCs 


T1T2T3 


mn+ 1 


H 


1 










1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


LD (mn),ww 


MCi 


T1T2T3 


1 st op'Code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1 st operand 
Address 


n 
















1 


MC4 


T1T2T3 


2nd operand 
Address 


m 
















1 


MCs 


Ti 


• 


Z 


1 




1 








1 


MCe 


T1T2T3 


mn 


wwL 


1 














1- 


MC7 


T1T2T3 


mn+ 1 


wwH 


1 














1 


LD {mn),IX 
LD (mn),IY 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


1 st operand 
Address 


n 
















1 


MC4 


T1T2T3 


2nci opGrsnd 
Address 


m 
















1 


MCs 


Ti 


• 


Z 


1 




1 








1 


MCe 


T1T2T3 


mn 


IXL 
lYL 


1 














1 


MC? 


T1T2T3 


mn4- 1 


IXH 
lYH 


1 














1 


LD SP, HL 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MCa 


Ti 


• 


Z 


1 




1 




1 




1 


LD SP.IX 
LD SP,IY 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MCz 


T1T2T3 


Address 


2nd 

op-code 

















1 


MC3 


Ti 


• 


Z 


1 




1 




1 




1 


LDI 
LDD 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


HL 


DATA 












1 




1 


MC4 


T1T2T3 


DE 


DATA 


1 










1 




1 
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Instaiction 


Machine 
Cyde 




ADDRESS 


DATA 




WR 








HALT 


ST 


LDIR 
LDDR 
(If BCrt^O) 


MCi 


TiTaTa 


1st op-code 
Address 


1st 

op-code 




















MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


TiTaTa 


HL 


DATA 












1 




1 


MC4 


TiTzTa 


DE 


DATA 


1 









1 




1 


MCs 
-MCe 


TiTi 




Z 


1 




1 




1 




1 


LDIR 
LDDR 
(If BCr=0) 


MCi 


TiTaTa 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


HL 


DATA 












1 




1 


MC4 


T1T2T3 


DE 


DATA 


1 









1 




1 


MLT WW 


MCi 


TiTaTa 


1st op-code 
Address 


1st 

op-code 




















MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCs 
~MCi3 


TiTiTiTi 
TiTiTiTi 
TiTiTi 




z 


1 




1 




1 




1 


NEG 


MCi 


TiT2T3 


1 St op-code 
Address 


1st 

op-code 




















MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


NOP 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















OUT (m),A 


MCi 


TiT2Ta 


1st op-code 
Address 


1st 

op-code 




















MCa 


T1T2T3 


1 St operand 
Address 


m 












1 




1 


MC3 


Ti 




Z 


1 




1 




1 




1 


MC4 


T1T2T3 


m to Ao— A/ 
A to A6~Ai5 


A 


1 





1 





1 




1 



(to be continued) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 549 



HD64180R/Z 



Instaiction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


IDE 


UR 


HALT 


ST 


OUT (C).g 


MCi 


TiT2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


Ti 


• 


Z 


1 




1 




1 






MC4 


TiT2T3 


BC 


9 


1 




1 




1 






OUTO (m),g 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 



















MCs 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


T1T2T3 


1st operand 
Address 


m 












1 






MC4 


Tr 




Z 


1 




1 




1 






MCs 


TiT2T3 


m to Ao~A7 
OOH to Aa~Ai5 


9 


1 




1 




1 






OTIM 
OTDM 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 



















MC2 


TiTzTs 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


Ti 


• 


Z 


1 




1 




1 






MC4 


T1T2T3 


HL 


DATA 












1 






MCs 


T1T2T3 


C to Ao~A7 
OOHto Aa~Ai5 


DATA 


1 




1 




1 






MCe 


TI 




Z 


1 




1 




1 






OTIMR 
OTDMR 
(If Bt=^0) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 



















MC2 


TiTaTa 


2nd op-code 
Address 


2nd 

op-code 



















MCa 


Ti 




Z 


1 




1 




1 






MC4 


T1T2T3 


HL 


DATA 












1 






MCs 


T1T2T3 


C to Ao~A7 
OOH to Aa~Ai5 


DATA 


1 





1 





1 






MCe 

~MC,i 


TITiTi 




Z 


1 


1 


1 


1 


1 
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Instruction 


Machine 
Cycle 


Ststes 


AUUnkob 


DATA 


RD 




ME 


15e 




HALT 


ST 


OTIMR 
OTDMR 
(If Br=0) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MCa 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


Ti 




Z 


1 




1 




1 






MC4 


T1T2T3 


HL 


DATA 












1 






MCs 


T1T2T3 


C to Ao~A7 
OOH to A«~Ai5 


DATA 


1 


— 


1 




1 






MCe 


Ti 




Z 


1 




1 




1 






OUTI 
OUTD 


MCi 


TiT2T3 


1st op-code 
Address 


1st 

op-code 



















MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


T1T2T3 


HL 


DATA 












1 






MC4 


T1T2T3 


BC 


DATA 


1 




1 




1 






OTIR 
OTDR 
(If Br^fcO) 


MCi 


TiTzTa 


1 St op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


T1T2T3 


HL 


DATA 












1 






MC4 


T1T2T3 


BC 


DATA 


1 




1 




1 






MCs 
-MCe 


TiTi 




Z 


1 




1 




1 






OTIR 
OTDR 
(If Br=0) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCa 


T1T2T3 


HL 


DATA 












1 






MC4 


T1T2T3 


BC 


DATA 


1 




1 




1 






POP Z2 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


SP 


DATA 












1 






MCs 


T1T2T3 


SP+1 


DATA 












1 






POP IX 
POP lY 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





















(to be continued) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 551 



HD64180R/Z 



Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


TP 


HALt 


ST 


POP IX 
POP lY 


MC2 


TiTzTa 


2nd op-code 
Address 


2nd 

op-code 















• 


1 


MC3 


TiT2Ta 


SP 


DATA 












1 




1 


MC4 


T1T2T3 


SP+1 


DATA 












1 




1 


PUSH zz 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 
-MCa 


TiTi 


• 


Z 


1 




1 




1 




1 


MC4 


TiT2T3 


SP-1 


zzH 


1 










1 




1 


MCs 


T1T2T3 


SP-2 


zzL 


1 










1 




1 


PUSH IX 
PUSH lY 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 















MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 





1 












1 


MCa 
—MCa 


TiTi 


* 


Z 


1 


1 


1 




1 




1 


MCs 


TiT2T3 


SP-1 


IXH 
lYH 


1 










1 




1 


MCe 


T1T2T3 


SP- 2 


IXL 
lYL 


1 










1 




1 


RET 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


SP 


DATA 












1 




1 


MCs 


T1T2T3 


SP+1 


DATA 












1 




1 


RET f 

(If condition 
IS false) 


MCi 


TiT2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 

-MCa 


TiTi 




Z 


1 




1 




1 




1 


RET f 

(tf condition 


MCi 


TiT2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


Ti 


• 


Z 


1 




1 




1 




1 


MCa 


T1T2T3 


SP 


DATA 












1 




1 


MC4 


T1T2T3 


SP+1 


DATA 












1 




1 


RETI 
RETN 


MCi 


TiT2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 
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Instruction 


Machine 
Cyde 


States 


ADDRESS 


DATA 


1^ 




m 




m 


HALT 


ST 


RETI 
RETN 


MC3 


T1T2T3 


SP 


DATA 












1 




1 


MC4 


T1T2T3 


SP+1 


DATA 












1 




1 


RLCA 
RLA 
RRCA 
RRA 


MCi 


TiT2T3 


1 St op-code 
Address 


1st 

op-code 




















RLCg 

RLg 

RRCg 

RRg 

SLAg 

SRAg 

SRLg 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


Ti 




Z 


1 




1 




1 






RLC (HL) 
RL (HL) 
RRC (HL) 
RR (HL) 
SLA (HU 
SRA (HL) 
SRL (HL) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCa 


T1T2T3 


HL 


DATA 












1 






MC4 


TI 


• 


Z 


1 




1 




1 






MCs 


T1T2T3 


HL 


DATA 


1 









1 






RLC (IX+d) 
RLC (lY+d) 
RL (IX+d) 
RL(IY+d) 
RRC (IX+d) 
RRC (lY+d) 
RR (IX+d) 
RR (lY+d) 
SLA (IX+d) 
SLA (lY+d) 
SRA (IX+d) 
SRA (lY+d) 
SRL (IX+d) 
SRL (lY+d) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCa 


T1T2T3 


1st operand 
Address 


d 












1 






MC4 


TiT2T3 


3rd op-code 
Address 


3rd 

op-code 



















MCs 


T1T2T3 


IX+d 
lY+d 


DATA 












1 






MCe 


Ti 




Z 


1 




1 




1 






MC7 


TiT2T3 


IX+d 
lY+d 


DATA 


1 









1 






RLD 
RRD 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCa 


T1T2T3 


HL 


DATA 












1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


Lit 


HALT 


ST 


RLD 
RRD 


MC4 

-MCr 


TiTiTiTi 


• 


Z 


1 


1 


1 




1 




1 


MCe 


T1T2T3 


HL 


DATA 


1 










1 




1 


RSTv 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





1 















MCs 
~MC3 


TiTi 


• 


Z 


1 


1 


1 




1 




1 


MC4 


T1T2T3 


SP-1 


PCH 


1 










1 




1 


MCs 


TiTzTs 


SP-2 


PCL 


1 










1 




1 


SCF 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















SET b.g 
RES b,g 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MCa 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCs 


Ti 




Z 


1 




1 




1 






SET b. (HU 
RES b, (HL) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 



















MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCs 


T1T2T3 


HL 


DATA 












1 






MC4 


Ti 


• 


Z 


1 




1 




1 






MCs 


T1T2T3 


HL 


DATA 


1 









1 






SETb, OX+d) 
SET b. (lY+d) 
RES b, (IX+d) 
RESb, OY+d) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 



















MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCs 


T1T2T3 


1st operand 
Address 


d 












1 






MC4 


TiT2T3 


3rd op-code 
Address 


3rd 

op-code 



















MCs 


T1T2T3 


IX+d 
lY+d 


DATA 












1 






MCe 


Ti 




Z 


1 




1 




1 






MCr 


T1T2T3 


IX+d 
lY+d 


DATA 


1 










1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


m 


WR 


1^ 


m 


IP 


HALT 


ST 


SLP 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 





1 










MCz 


T,T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 












1 








7FFFFH 


Z 


1 




1 




1 




1 


TSTIO m 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1st operand 
Address 


m 












1 




1 


MC4 


TiT2T3 


C to Ao~A7 
OOH to Art~Ai5 


DATA 







1 




1 




1 


TSTg 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


Ti 




Z 


1 




1 




1 




1 


TST m 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1 St operand 
Address 


m 












1 




1 


TST (HL) 


MCi 


TiT2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


Ti 




Z 


1 




1 




1 




1 


MC4 


T1T2T3 


HL 


DATA 












1 




1 


INTERRUPT 


NMI 


MCi 


T1T2T3 


Next op-code 
Address (PC) 






















MCa 
~MC3 


TiTi 




Z 






1 




1 




1 


MC4 


T1T2T3 


SP-1 


PCH 












1 




1 


MCs 


T1T2T3 


SP-2 


PCL 












1 




1 


UU MODE 
(RST INSERTED) 


MCi 


TiT2Tw 
TwT3 


Next op-code 
Addr«ss (PC) 


1st 

op-code 




1 


1 













MC2 
~MC3 


TiTi 




Z 




1 


1 


1 


1 




1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


m 


HALt 


ST 


iNT^ MODE 


MC4 


T1T2T3 


SP-1 


PCH 


1 
















(RST INSERTED) 


MCs 


T1T2T3 


SP-2 


PCL 


1 


















MCi 


1 1 1 2 1 w 
TwTs 


Next op-code 
Address (PC) 


1 st 

op-code 


1 


1 


1 












MC2 


T1T2T3 


PC 


n 





1 













iNT^MODE 


MC3 


T1T2T3 


PC+1 


m 





1 













(CALL 
INSERTED) 


MC4 


Ti 




Z 




1 


1 












MCs 


T1T2T3 


SP-1 


PC + 2(H) 




















MCe 


T1T2T3 


SP-2 


PC+ 2(U 




















MCi 


T1T2TW 
TwT3 


Next op-code 
Address (PC) 






1 


1 










iNT^MODE 1 


MC2 


T1T2T3 


SP-1 


PCH 




















MCa 


T1T2T3 


SP-2 


PCL 




















MCi 


T1T2TW 
TwT3 


Next op-code 
Address (PC) 


Vector 




1 


1 












MC2 


Ti 


• 


Z 




1 


1 










iNT^MODE 2 


MC3 


T1T2T3 


SP-1 


PCH 




















MC4 


T,T2T3 


SP-2 


PCL 




















MCs 


T1T2T3 


1, Vector 


DATA 





1 















MCe 


T1T2T3 


1, Vector+ 1 


DATA 





1 















MCi 


1 1 1 2 1 w 

TwT3 


Next op-code 
Address (PC) 




1 


1 


1 












MC2 


Ti 


• 


Z 


1 


1 


1 










INTi 

int7 


MC3 


T1T2T3 


SP-1 


PCH 


1 
















Internal Interrupts 


MC4 


T1T2T3 


SP-2 


PCL 


1 


















MCs 


T1T2T3 


1, Vector 


DATA 





1 















MCe 


T1T2T3 


1, Vector+ 1 


DATA 





1 
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Request 


Current 
"■-■^.^Status 


N(»mal Operation 

(CPU mode) 
(lOSTOP mode) 


WAIT State 


Refresh Cycle 


Interrupt 
Acknowledge 
Cycle 


DMA Cycle 


BUS RELEASE 
mode 


SLEEP mode 


SYSTEM STOP 
mode 


WAIT 


Acceptable 


Acceptable 


Not acceptable 


Acceptable 


Acceptable 


Not acceptable 


Not acceptable 


Not acceptable 


Refresh Request 
(Request of 

Refresh by the on-chip 
Refresh Controller) 


Refresh cycle 
begins at 
the end ot ML 


Not acceptable 


Not acceptable 


Refresh cycle 
begins at 
the end of 
MC 


Refresh cycle 
begins at 
the end of 
MC 


Not acceptable 


Not acceptable 


Not acceptable 


DREQo 
DREO; 


DMA cycle 
begins at the 
end of MC 


DMA cycle 
begins at the 
end of MC 


Acceptable 

• Refresh cycle 
precedes 
DMA cycle 
begins at the 
end of one 
MC 


Acceptable 
uiviA cycle 
begins at the 
end of MC 


Acceptable 
Refer to 
"2 9 DMA 
Controller" 
for details 


Ar.nftntable 

After BUS 

RELEASE cycle. 
DMA cycle 
begins at the 
end of one 
MC 


Not acceptat)le 


Not acceptable 


BUSREQ 


Bus IS released 
at the end of 
MC 


Not acceptable 


Not acceptable 


Bus IS released 
at the end of 
MC 


Bus IS released 
at the end of 
MC 


Continue 
BUS RELEASE 
mode. 


Acceptable 


Acceptable 


Interrupt 


WTo. iNTi, 
INT2 


Accepted after 
executing the 
current 
instruction 


Accepted after 
executing the 
current 
instruction 


Not acceptable 


Not acceptable 


Not acceptable 


Not acceptable 


Acceptable 
Return from 
SLEEP mode 
to normal 
operation 


Acceptable 
Return from 
SYSTEM STOP 
mode to normal 
operation 




Internal 
I/O 

Interrupt 


I 


1 


I 


! 


t 


I 


1 


Not acceptable 




NMi 


I 


f 


T 


Not acceptable 
Interrupt 
acknowledge 
cycle precedes 
NMI IS accepted 
after executing 
the next in- 
struction 


Acceptable 
DMA cycle 
stops 


1 


1 


Acceptable 
Retum from 
SYSTEM STOP 
mode to nomnal 
operaton 



10 
<•> 

ao 
m 
O 
C 
m 
M 

H 
> 
O 
O 
m 

3 
> 
z 

o 



> 

o 
z 
o 

-0 

m 

9 
> 

H 

Z 

Gi 

O 

o 



NOTE) * not acceptable when DMA Request is in level sense 
f same as the above 
MC Machine Cycle 



CJi 



CO 



HD64180R/Z 



24 REQUEST PRIORITY 

The HD64180 has the following three types of requests. 
Typt 1. 

To be accepted in specified state WAIT 

Typt 2. 

To be accepted in each machine cycle Refresh Req. 

DMA Req. 
Bus Req. 

Typ« 3. 

To be accepted in each instruction Interrupt Req. 



Type 1, Type 2, and Type 3 requests priority is shown as follows. 

highest priority Type 1 > Type 2 > Type 3 lowest priority 
Each request priority in Type 2 is shown as follows. 

highest priority Bus Req. > Refresh Req. > DMA Req. lowest 

priority 

(NOTE) If Bus Req. and Refresh Req. occurs simultaneously, Bus 

Req. is accepted but Refresh Req. is cleared. 
Refer to *'2.7 Interrupts'* for each request priority in Type 3. 



28 OPERATION MODE TRANSITION 




NOTE) '1 NORMAL- CPU executes instructions nomwlly In NORMAL mode. 
*2 DMA fBgua s t- DMA is requested in the following cases 

(1) DREQo, DWRST= (memory < > (memory mapped) I/O DMA transfer) 

(2) DEO = 1 (n>emory < > memory DMA transfer) 

*3 DM A end: DMA er> ds in the following cases. 

(1) DREQo, DREQi = 1 (memory < > (memory mapped) I/O DMA transfer) 

(2) BCRO. BCR1 = OOOOH (all DMA transfers) 

(3) flMi = (an DMA transfers) 



Other operation mode transitions 

The following operation mode transitions are also possible. 



1. HALT 



(bMA 

jREFRESH \ 

[bus release] 

(DMA 
jREFRESH 
[bus RELEASE, 



SYSTEM STOP : 



BUS RELEASE 
: BUS RELEASE 
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26 STATUS SIGNALS 

The following table shows pin outputs in each operating mode. 



Mode 


LIR 


ME 


lOE 


RD 


WR 


REF 






ST 


Address 
BUS 


Data 
BUS 


HALT 


BUSACK 


CPU 
operation 


Op-code Fetch 
(1st op-code) 








1 
















A 


IN 


Op-code Fetch 
(except 1st 
op-code) 








1 





1 








1 


A 


IN 


Memory Read 


1 





1 







__ 







— j— 


A 


IN 


Memory Write 


1 





1 


1 




1 


1 


1 


1 


A 


OUT 


I/O Read 


1 


1 








1 


1 


1 


1 


1 


A 


IN 


I/O Write 


1 


1 





1 












A 


OUT 


Intemal 
Operation 


1 


1 


1 


1 












A 


IN 


Refresh 


1 





1 


1 










. 


A 


IN 


Interrupt 


nmT 








1 









1 


1 





A 


IN 


Acknowledge 
Cycle 

(1 St machine 
cycle) 







1 





1 


1 


1 


1 


1 





A 


IN 


iFTfT, INT7& 
Intemal Interrupts 


^ 


1 


•J 












f\ 

u 


A 


llM 


BUS RELEASE 


1 


z 


z 


z 




_J__ 








z 


IN 


HALT 








1 
















A 


IN 


SLEEP 


1 


1 


1 


1 










1 


1 


IN 


Internal 
DMA 


Memory Read 


1 





1 
















A 


IN 


Memory Write 


1 





1 


1 













A 


OUT 


I/O Read 


1 


1 



















A 


IN 


I/O Write 


1 


1 





1 













A 


OUT 


RESET 


1 


1 


1 


1 










1 


Z 


IN 



NOTE) 1 

A 
Z 
IN 



HIGH 
LOW 

Programmable 
High Impedance 
Input 



OUT . Output 
• ' Invalid 



<^ HITACHI 

Hitachi America, l\6. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 559 



HD64180R/Z 



27 PIN STATUS DURING USET AND LOW POWER OPERATION MODES 



Din Mm 
rin NO. 




Bin 4iinn#lnn 

rin Tunonon 


Pin itatus In each optration moda 


RESET 


SLEEP 


lOSTOP 


SYSTEM STOP 


4 




- 


IN(N) 


IN(N) 


IN (A) 


IN(N) 


s 




- 


1 


OUT 


OUT 


OUT 


6 




- 


IN(N) 


IN (A) 


IN (A) 


IN (A) 


7 


mf 


- 





IN (A) 


IN (A) 


IN (A) 


8 


m 


- 


IN(N) 


IN (A) 


IN (A) 


IN (A) 


9 


wr- 


- 


IN(N) 


IN (A) 


IN (A) 


IN (A) 


10 


wn 


- 


IN(N) 


IN (A) 


IN (A) 


IN (A) 


11 


m 


- 


IN(N) 


IN (A) 


IN (A) 


IN (A) 


12 


ST 


- 


1 


1 


OUT 


1 


13-30 


Ao-Air 


- 


Z 


1 


A 


1 


31 


A 1, ./TOUT 


Ai,< 


Z 


1 


A 


1 


TOUT 


2 


OUT 


H 


H 


34-41 


Do— Or 




Z 


Z 


A 


Z 


42 




- 


1 


H 


OUT 


H 


43 


ctS: 




IN (N) 


IN (A) 


IN (N) 


IN (N) 


44 


DCDo 




IN (N) 


IN (A) 


IN (N) 


IN (N) 


45 


TXAo 




1 


OUT 


H 


H 


46 


RXAo 




IN (N) 


IN (A) 


IN (N) 


IN (N) 


47 


CKAo/5Ri5? 


CKAo 
(internal clock mode) 


Z 


OUT 


Z 


Z 


CKAo 
(external clock mode) 


Z 


IN (A) 


IN (N) 


IN(N) 


DREQo 


z 


IN (N) 


IN (A) 


IN (N) 


48 


TXAi 




1 


OUT 


H 


H 


49 


RXAi 




IN (N) 


IN (A) 


IN (N) 


IN (N) 


50 


CKAi/TENDo 


CKAi 
(internal clock mode) 


Z 


OUT 


Z 


Z 


CKAi 
(external clock mode) 


z 


IN (A) 


IN (N) 


IN (N) 


TENDo 


z 


1 


OUT 


1 


51 


TXS 




1 


OUT 


H 


H 


52 


RXS/CTSi 


RXS 


IN (N) 


IN (A) 


HSI (N) 


IN (N) 


CTSi 


IN (N) 


IN (A) 


IN (N) 


IN (N) 


53 


CKS 


CKS 

(internal clock mode) 


Z 


OUT 


1 


1 


CKS 

(external ctock mode) 


2 


IN (A) 


z 


z 


54 


DREQi 


- 


IN (N) 


IN (N) 


IN (A) 


IN (N) 


55 


TEND"i 


- 


1 


1 


OUT 


1 


56 


HALT 


- 








OUT 





57 


REF 






1 


OUT 


1 


58 


lOE ' 






1 


OUT 


1 


59 


ME 






1 


OUT 


1 


60 


E 






E clock output 






61 


m 






1 


OUT 


1 


62 


WR 






1 


OUT 


1 


63 


RD 






1 


OUT 


1 


64 






4> (Aock output 









1 : HKBH 0: LOW A: Programmable Z: High Impedance 
IN (A): Input (Active) IN (N). Input (Not active) OUT: Output 
H. Hokis the previous state 
*~: same as the left 
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28 INTERNAL I/O REGISTERS ternal I/O register addresses are relocatable within ranges from 

By programming IOA7 and IOA6 in the I/O control register, m- OOOOH to OOFFH in the I/O address space. 



MNEMONICS ADDRESS 



REMARKS 



ASCI Control Register A Channel 
CNTLAO 



b(t 


MPE 


RE 


TE 


ftt§6 


MPBR/ 
EFR 


M0D2 


M0D1 


MOOO 


dunng RESET 











1 


Invalid 











R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


RAA/ 


R/W 



MODE Selection 
Multi Processor Bit Receive/ 
Error Flag Reset 
Request To Send 
Transmit Enable 
Receive Enable 
' — Mult Processor Enable 



ASCI Control Register A Channel 1 
CNTLA1 



1 



bit 


MPE 


RE 


TE 


CKA1D 


MPBR/ 
EFR 


M0D2 


M0D1 


MODO 


during RESET 











1 


invalid 











R/VJ 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


RAV 



M0D2. 1. 

1 
1 

1 1 

1 
1 1 
1 1 
1 1 1 



LmODE Selection 
Mult Processor Bit Receive/ 
Error Flag Reset 
CKA1 Disable 
•—Transmit Enable 
L- Receive Enable 
1— Mult Processor Enable 



Start + 7 bit Data + 1 Stop 

Start + 7 bit Data + 2 Stop 

Start 4- 7 bit Data + Panty + 1 Stop 

Start + 7 bit Data + Party + 2 Stop 

Start + 8 bit Data + 1 Stop 

Start + 8 bit Data + 2 Stop 

Start + 8 bit Data + Party + 1 Stop 

Start + 8 bit Data + Parity + 2 Stop 



ASCI Control Register B Channel 

CNTLBO 



dunng RESET 
R/W 



MPBT 


MP 


CTS/ 
PS 


PEO 


DR 


SS2 


SSI 


SSO 


invalid 













1 


1 


1 


R/W 


R/W 


RA/V 


R/W 


R/W 


R/W 


R/W 


R/W 



*- Clock Source and 
Speed Select 
Divide Ratio 
' — Parity Even or Odd 
Clear To Send/Prescale 
Mult Processor 
-Mult Processor Bit Transmit 



. CTS ■ Depending on the condition of CTS Pin. 
PS Cleared to 



(to be continued) 
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MNEMONICS ADDRESS 



REMARKS 



ASCI Control Register B Channel 1 
• CNTLBl 



during RESET 
RAA/ 



MPBT 


MP 


CTS/ 
PS 


PEO 


DR 


SS2 


SSI 


SSO 


invalid 














1 


1 


1 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



ASCI Status Register Channel 

STATO 



- Clock Source and 
Speed Select 
-Divide Ratio 
-Parity Even or Odd 
Clear To Send/Prescale 
I— Multi Processor 
-Multi Processor Bit Transmit 



ASCI Status Register Channel 1 

: STAT1 



General 
divide ratio 


PS=0 
(divide ratio= 10) 


PS=1 
(divide ratk)= 30) 


SS2.1,0 


DR=0 (X 16) 


DR=1 (X64) 


DR=0 (X 16) 


DR=1 (X64) 


000 

00 1 
010 

01 1 
100 
101 
1 1 


0- 160 

- 320 
-5- 640 

- 1280 

- 2560 

- 5120 

- 10240 


</»-!- 640 
-5- 1280 
2560 
-5- 5120 
-10240 
-20480 
-40960 


480 

- 960 

- 1920 
-5- 3840 

- 7680 
-15360 

- 30720 


1920 
^ 3840 

- 7680 
^ 15360 
-5- 30720 

- 61440 
-122880 


1 1 1 
bit 

during RESET 
R/W 


External clock (frequency < — 40) 


RDRF 


OVRN 


PE 


FE 


RIE 


DCDO 


TORE 


TIE 
























R 


R 


R 


R 


R/W 


R 


R 


RAN 



Transmit 
Interrupt 
Enable 
^Transmit Data 
Register Empty 
L- Data Canier Detect 
I — Receive Interrupt Enable 
- Framing Error 



-Parity Error 
Over Run Error 
- Receive Data Regist er Full 
* bCbo : Depending on the conditwn of DCDo Pin. 

bit 

during RESET 



CTSo Pin 


TORE 


L 


1 


H 






RDRF 


OVRN 


PE 


FE 


RIE 


CTS IE 


TORE 


TIE 




















1 





R 


R 


R 


R 


RA^ 


R/W 


R 


R/W 



Interrupt 
Enable 
l-Transmit Data 
Register Empty 
L~CTS1 Enable 
^ Receive Interrupt Enable 
-Framing Enw 
I — Parity Error 
^ Over Run Enw 
Receive Data Register Full 



(to b« continued) 



HITACHI 

562 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD64180R/Z 



REGISTER 



MNEMONICS 



ADDRESS 



ASCI Transmit Data Register Chanrwl 


: TDRO 

ASCI Transmit Data Register Channel 
1 

TDR1 

ASCI Receive Data Register Channel 


TSRO 

ASCI Receive Data Register Channel 



CSI/0 Control Register 



. TSR1 
CNTR 



CSI/0 Transmit/Receive Data 
Register 

TRDR 

Timer Data Register Channel OL 

. TMDROL 

Timer Data Register Channel OH 

• TMDROH 

Timer Reload Register Channel OL 

RLDROL 

Timer Reload Register Channel OH 

. RLDROH 

Timer Control Register 



8 



9 



F 



bit 

during RESET 
R/W 



EF 


EIE 


RE 


TE 




SS2 


SSI 


SSO 














1 


1 


1 


1 


R 


R/W 


R/W 


R/W 




R/W 


R/W 


R/W 



I- Speed Select 



Transmit Enable 
Receive Enable 
^ End interrupt Enable 
■End Flag 



SS2,1,0 


Baud Rate 


SS2.1.0 


Baud Rate 


000 


<t>^ 20 


100 


320 


001 


-i- 40 


101 


+ 640 


010 


- 80 


1 1 


-J- 1280 


01 1 


-5-160 


1 1 1 


External 



(frequency < 20) 



bit 

during RESET 
R/W 



TIF1 


TIFO 


TCI 


TIEO 


T0C1 


TOCO 


TDE1 


TDEO 


























R 


R 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



^Timer Down 
Count Enable 1,0 
'—Timer Output Control 1,0 
Timer Interrupt Enable 1 ,0 I 
Timer Intemipt Flag 1,0 



TOC1,0 


AieATOUT 


00 


Inhibited 


01 


Toggle 


10 





1 1 


1 



(to be continued) 
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Timer Data Register Channel 1L 

. TMDR1L 

Timer Data Register Channel 1H 

: TMDR1H 

Timer Reload Register Channel 1 L 

: RLDR1L 

Timer Reload Register Channel 1 H 

RLDR1H 

Free Running Counter 



DMA Source Address Register 
Channel OL 

SAROL 

DMA Source Address Register 
Channel OH 

SAROH 

DMA Source Address Register 
Channel 06 

SAROB 



DMA Destination Address Register 
Channel OL 

: DAROL 

DMA Destination Address Register 
Channel OH 

• DAROH 

DMA Destination Address Register 
Channel OB 

: DAROB 



DMA Byte Count Register Channel 
OL 

. BCROL 

DMA Byte Count Register Channel 
OH 

: BCROH 

DMA Memory Address Register 
Channel 1L 

: MAR1L 

DMA Memory Address Register 
Channel 1H 

: MAR1H 

DMA Memory Address Register 
Channel IB 

: MAR1B 

DMA I/O Address Register Channel 
1L 

: IAR1L 

DMA I/O Address Register Channel 
1H 

IAR1H 



ADDRESS 



2 1 



2 3 



2 5 



2 6 



2 B 



REMARKS 



read only 



Bits 0-2 are used for SAROB 



A 18, Air, A 16 


DMA Transfer Request 


X 


i!^^^6o (external) 


X 1 


RDRO (ASCK)) 


X 1 


RDR1 (ASCII) 


X 1 1 


Not Used 



Bits 0-2 are used for DAROB. 



Al8, 


A 17, A 16 


DMA Transfer Request 


X 





(M.(io (extemal) 


X 


1 


TDRO (ASCK)) 


X 


1 


TDR1 (ASCII) 


X 


1 1 


Not Used 



Bits 0-2 are used for MAR IB 



(to be continued) 
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REGISTER 



MNEMONICS 



DMA Byt» Count Register Channel 
1L 

: BCR1L 

DMA Byte Count Register Channel 
1H 

: BCR1H 



DMA Status Register 



: DSTAT 



DMA Mode Register 



ADDRESS 



3 1 



bit 

during RESET 
R/W 



DEI 


DEO 


DWE1 


DWEO 


DEI 


DEO 




DME 








1 


1 








1 





R/W 


R/W 


W 


W 


R/W 


R/W 




R 



Enable 

IDMA InteiTupt Enable 1,0 
>— DMA Enable Bit Write Enable 1,0 
>DMA Enable ch 1.0 



bit 

during RESET 
R/W 







DM1 


DM0 


SMI 


SMO 


MMOD 




1 


1 

















1 






R/W 


R/W 


R/W 


RW 


R/W 








' — Memory 
MODE 
Select 

— Ch Source 



Mode 1,0 



I— Ch Destination 
Mode 1,0 



DM1, 


Destination 


Address 


SMI, 


Source 


Address 





M 


DARO+ 1 





M 


SARO+ 1 


1 


M 


DARO- 1 


1 


M 


SARO- 1 


1 


M 


DARO fixed 


1 


M 


SARD fixed 


1 1 


I/O 


DARO fixed 


1 1 


I/O 


SARO fixed 


MMOD 


Mode 











Cycle Steal Mode 
Burst Mode 



(to be continued) 
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MNEMONICS 



DMA/WAIT Control Register 



Interrupt Vector Low Register 



INT/TRAP Control Register 



Refresh Control Register 



ADDRESS 



3 2 



3 3 



REMARKS 



bit 

during RESET 
R/W 



MWI1 


MWK) 


IWI1 


IWIO 


DMS1 


DMSO 


DIM1 


DIMO 


1 


1 


1 


1 














R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



LdMA Ch 1 
I/O Memory 

Mode Select 

L-DREOr Select i = 1,0 
l~ I/O Wait Insertion 
' — Memory Wart Insertion 





The number of 




The number of 


MWII.O 


wait states 


iwn.o 


wait states 


00 





00 





01 


1 


01 


2 


1 


2 


10 


3 


1 1 


3 


1 1 


4 



DMSi 


Sense 


1 


Edge sense 





Level sense 



D»/I1,0 


Transfer Mode 


Address increment/Decrement 


00 


M-*l/0 


MAR1 + 1 IAR1 fixed 


01 


M—l/0 


MAR1 - 1 IAR1 fixed 


1 


I/O— M 


IAR1 fixed MAR 14-1 


1 1 


I/O— M 


IAR1 fixed MAR1-1 



bit 

during RESET 
R/W 



bit 

during RESET 
R/W 



bit 

durirtg RESET 
R/W 



17 


IL6 


IL5 




































R/W 


R/W 


R/W 












L-lntemjpt Vector Low 


TRAP 


UFO 








ITE2 


ITEI 


ITEO 








1 


1 


1 








1 


RA^/ 


R 








R/W 


R/W 


R/W 



L|nT Enable 2,1,0 



L-TRAP 



Undefined Fetch Object 



REFE 


REFW 










CYC1 


CYCO 


1 


1 


1 


1 


1 


1 








R/W 


R/W 










R/W 


R/W 



i-Refresh Wait State 
-Refresh Enable 



Cycle Select 



CYC1.0 


Interval of Refresh Cycle 


00 


10 States 


01 


20 


10 


40 


1 1 


80 



(to be continued) 
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REGISTER 


MNEMONICS 


ADDRESS 


REMARKS 


MMU Common Base Register 

. CBR 

MMU Bank Base Register 

: BBR 

MMU Common/Bank Area Register 
: CBAR 

I/O Control Register 

ICR 


3 8 
3 9 
3 A 

3 F 


bit 

during RESET 
R/W 




CB6 


CBS 


CB4 


CBS 


CB2 


CB1 


CBO 
















' 











R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




^ MMU Common Base Register 




bit 

during RESET 
R/W 




BB6 


BBS 


BB4 


BB3 


BB2 


BB1 


BBC 




























R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




I MMU Bank Base Register 


bit 

during RESET 
R/W 


CA3 


CA2 


CA1 


CAO 


BA3 


BA2 


BA1 


BAO 




1 


1 


1 


1 














R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






MMU Com 

Area Regist 


TK)n 
er 


- MMU Bank 
Area Register 


bit 

during RESET 
R/W 


I0A7 


I0A6 


KDSTP 























1 


1 


1 


1 


1 


R/W 


R/W 


R/W 












1 L|/0 Stop 
L- I/O Address 
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NPU (Network Processing Unit) 



■ DESCRIPTION 

The HD64180S, network processing unit (NPU), provides multipurpose 
high-speed communication control functions on a single LSI chip. The 
HD64180S offers high performance communication protocol process- 
ing, as well as user system application processing, at a low cost. 

Built-in features, such as an 8-bit CPU, 2 serial I/O channels, and a 
direct memory access controller (DM AC, support high-speed data 
transfer by reducing communications overheads. 

The HD64180S has a variety of applications. It can be used as a 
communication subsystem processor or as a controller in a distributed 
control system for industrial robots. 

In addition, the HD64180S is designed to interface with existing 
communication chips and to be compatible with existing communica- 
tion software. It can be used with virtually any kind of communication 
system. 

This manual describes HD64180S hardware. For details about pro- 
gramming instructions refer to the HD64180 Programming Manual 
(M21T038). 

■ Overview 

The HD64180S network processing unit (NPU) contains a 2-channel 
serial interface, 8-bit CPU, 2-channel direct memory access controller 
(DMAC) with a proprietary chained-block transfer function, timers, 
etc., all integrated on a single LSI chip. The HD64180S is thus well 
suited to multiprotocol communications processing. 

The multiprotocol serial communications interface (MSCI) and the 
asynchronous serial communications interface/clocked serial I/O port 
(ASCI/CSIO) allow high speed data transfer using various communica- 
tions protocols. 

In particular, the MSCI is capable of handling asynchronous, byte 
synchronous, and bit synchronous communications protocols. Since the 
MSCI is connected to the on-chip DMAC, it is possible to realize high 
speed single-address DMA transfer (chained-block transfer) in frame 
units during bit synchronous communications. Furthermore, the flexi- 
ble processing capability of the HD64180S's CPU ensures compatibility 
with a wide range of communications protocols. 




■ FEATURES 

CPU •Software-Compatible with HD64180Z 

• 80 type bus interface 

• On-chip MMU ( 1 Mbyte physical address 

space) 

DMAC • 2 channels 

• DMA transfer between memory and memory, 
memory and I/O (memory-mapped I/O), and 
memory and MSCI 

• Chained-block transfer between memory and 
MSCI 

• Internal interrupt requests available 

Multiprotocol serial • Full duplex channel 

communications • Asynchronous, byte synchronous (mono-, bi-, 
interface (MSCI) or external synchronous), or bit synchronous 
(HDLC or loop) selectable 

• Transmit /receiv e contro l usin g modem control 
signals (RTSM, CTSM, and DCDM) 

• Internal Advanced Digital PLL (ADPLL) 

clock extraction 

receive data and/or receive clock noise 
suppression 

• On-chip baud rate generator 

• Internal interrupt requests available 

• Maximum transfer rate 7. 1 Mbps (with 10 
MHz clock) 



Asynchronous serial 


• Full duplex channel 


communications 


• Asynchronous clocked serial mode 


interface/clocked 


(selectable) 


serial I/O port 


• Transmit/receive control using modem control 


(ASCI/CSIO) 


signals (RTSA, CTSA, and DCDA) 




• On-chip baud rate generator 




• Internal interrupt requests available 


Timers 


• 2 channels 




• 8-bit reloadable up-counter 




• Output waveform generator and external event 




count functions 




• Internal interrupt requests available 


Interrupt controller 


• Four external interrupt lines (NMI, INTo, 




INTi, and INT2) 




• Fifteen internal interrupt sources 


Memory access 


Internal refresh controller 


support function 


• Internal wait state controller 




• Internal chip-select controller 


Other functions 


• On-chip clock oscillator circuit 




• Low power dissipation modes (sleep and 




system stop) 
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I TYPE OF PRODUCTS 



Product Name 


Max. Operating Frequency 


Package 


HD64180SCP6 


6.17 MHz 




HD64180SCP8 


8 MHz 


CP-84 (84-pin PLCC) 


HD64180SCP10 


10 MHz 




HD64180SH6 


6.17 MHz 




HD64180SH8 


8 MHz 


FP-80A (80-pin QFP) 


HD64180SH10 


10 MHz 





I PIN ASSIGNMENT 



nnnnnnnn 



mmnm 




Top View 
(CP-84) 



BMEmBBREMBmRmMEm 



Top View 
(FP-80A) 



SVss 
33DGDA 

33rtSa 

30TXDM 
33TXCM 
TQaXCM 

33 

33I5C5M 
3]§Yf5C 
33^6 
33^4 

SDl 

2]i>0 

jOVoc 
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^ I ^ 

UJ o 
DC OC 



ILU lyj |< |c8 IcO |C0 
12 |Q 15 lo lo lo 



1 /V- LL 
£ h- LiJ 
i-J CO ICE 



ii 



Timing 
generator 



1 t I t t 1 1 1 t 1 t I t 1 t.l 



Bus control 



MM U 



TINo - 
TINi - 
TOUTo ^ 
TOUT1 < 



Timers 
with 8-bit 
reloadable 
up-counter 
(2 channels) 



Interrupt 



DMAC 

with chained 
block transfer 
function 
(2 channels) 



MSCI 

(1 channel) 



Address 
buffer 



Data buffer 



ASCI/CSIO 
(1 channel) 



A0-A19 

CS2 is not output in FP-80A 



D0-D7 



Vcc 
Vss 



Figure 1. Block Diagram of the HD64180S 
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■ Applications 

• Position in Product Line 

The HD64180S's on-chip CPU (software-compatible with the HD64180Z) is capable of processing 
both communications protocols and user application programs. If the on-chip CPU is programmed for 
use mainly as a communications processor, application processing can be carried out by another CPU. 
Figure 2 illustrates this concept. 




CPU oriented to application processing CPU oriented to communications 

protocol processing 



Figure 2. Allocating CPU Processing Capability 

For example, the HD641 SOS's CPU can be used mainly for communications protocol processing to 
provide various communications functions for a host CPU. This is suitable in situations requiring 
high-speed data transfer and/or complicated protocol processing. In this case, a flexible interface can 
be configured with the host CPU by selecting appropriate software and I/O devices. 

On the other hand, the HD641 SOS's CPU can be used for application processing (i.e., when data 

transfer occurs infrequently and/or at low speeds). In this case, the MSCI, ASCI/CSIO, and DMAC in 

the HD641S0S can process the communications data so as to reduce CPU overhead. 

Thus the HD64180S can be used in a wide range of applications — from small-scale configurations 

containing two or three chips to large-scale configurations containing mass memory and numerous I/O 

devices. 
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■ Examples of System Configuration 
(1) Data communications system 



Figure 3 shows a system configured with a data communications subsystem. This system can be used for 
communications between computers in a public network or in an office automation (OA) system, 
system. 



Local I/O Communication lines 



System bus 



Host CPU 




Main memory 




I/O subsystem 




Data 

communications 
subsystem 
(with HD64180S) 




i. 


> 


(. ., 






I 



Figure 3. Example Configured with a Data Communications Subsystem 



Figure 4 shows a minimum configuration example for the data communications subsystem 
shown in figure 3. In this configuration, the host CPU loads the HD64180S control program 
from main memory into the dual port RAM (DPRAM). The DPRAM has a transmit buffer, 
receive buffer, and communications data status area for interfacing between the host CPU and the 
HD64180S. Since the memory area allocated to this subsystem's communications program and 
transmit/receive buffers is relatively small, the subsystem is well suited for low-speed, simple 
communications protocols. 
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Communication lines 



1/ 




HD64180S 


I 


DPRAM 


(1 kbyte) 



Data communications 

subsystem 



1 Mbyte 



IVIemory map 



Host CPU interface 



1 kbyte 



Communication data status 



Transmit buffer 



Receive buffer 



Communication control 
program and data 



< 

Q. 
Q 



Figure 4. Example of Data Communications Subsystem 
(minimum conHguration) 



Figure 5 shows an extended communications subsystem for complex protocol processing and high- 
speed data transfer. This subsystem incorporates external memory and two stages of transmit/receive 
buffers. The HD64180S control program is loaded into external memory. This subsystem is easily 
realized because the HD64180S can directly access up to 1 Mbyte of memory using its 20-bit address 
bus. 



Communication lines 



Data communications subsystem 



HD64180S 



External memory 
(SRAM or DRAM) 



[2 kbyte-1 Mbyte] 

t 



DPRAM {1 kbyte) 



1 Mbyte 



Memory map 



Communications control 
program and data 



Communication data status 
Transmit/Receive buffer 



1 kbyte 



Host CPU interface 



Communications data status 



Transmit buffer 



Receive buffer 



Externa! 
memory 



DPRAM 



Figure 5. Example of Data Communications Subsystem 
(extended configuration) 
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(2) Distributed control system 



Figure 6 shows an example in which the HD64180S is used as a distributed control device. This 
configuration can be used for controlling industrial machinery or for communicating between control 
devices of automobiles, OA systems, point-of-sales (POS) terminals, etc. 



Distributed 
control device 
(with HD64180S) 



Data processing 
and I/O processing 



Communications network 
for control devices 




Distributed 
control device 
(with HD64180S) 



Data processing 
and I/O processing 



Distributed 
control device 
(with HD64180S) 



Distributed 
control device 
(with HD64180S) 



Data processing 
and I/O processing 



Data processing 
and I/O processing 



Figure 6. The HD64180S in a Distributed Control System 



Figure 7 shows the internal configuration of the distributed control devices shown in figure 6. In 
this configuration, the HD64180S is direcdy connected to an I/O device, and the external memory 
(EPROM and RAM) contains the HD64180S control program and application programs. This simple 
system also allows high-speed data processing by providing direct access to up to 1 Mbyte of memory 
space including the data/stack and transmit/receive buffer areas. 
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Communications network 



Distributed control device 



HD64180S 



Dedicated I/O device 



Local I/O function 



External memory 
(EPROM and RAM) 



[4 kbyte-1 Mbyte] 



1 Mbyte 



Memory map 



Data/Stack area 



Transmit/Receive buffer 



Communication 
control program 



Application processing 
program 



o 

OL 



Figure 7. Internal ConHguration of a Distributed Control Device Using the HD64180S 



In the two configuration examples given above, the HD64180S is used either as a part of a data 
communications subsystem or as a distributed control device. In addition, the HD64180S can be used 
with various kinds of communications equipment. 
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■ Signal Descriptions 
• Power Supply 

Pin 

Number Input/ 



Symbol 


CP-84 


FP-80A 


Output 


Remarks 


Vcc 


1, 19,29, 
43, 54 


8,41, 71 


Input 


+ 5V power supply: All Vcc P^ns must be 
connected to the +5V system power supply. 


Vss 


4, 36, 
41,48, 
63, 74 


24, 29, 35, 
60, 74 


Input 


Ground: All Vss pl^s must be connected to the 
system ground. 



Note: To minimize potential difference in the chip, use the shortest possible lead length to the Vcc and Vss pins. 



• Clock 

Pin 

Number Input/ 
Symbol CP-84 FP-80A Output Remarks 

XTAL 2 72 Input Crystal resonator input: The input frequency must be 

double that of the clock. 
When the EXTAL pin is connected to an external 
clock, the XTAL pin should be left floating. 

EXTAL 3 73 Input Crystal resonator or external clock input: The input 

frequency must be double that of the clock. Figures 
8 and 9 show crystal resonator and external clock 
connection diagrams, respectively. 

84 70 Output System clock: Supplies the clock to peripheral 

devices. 
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Figure 8. Example of Crystal Resonator Connection 




Figure 9. Example of External Clock Configuration 



• Reset Line 

Pin 

Number Input/ 
Symbol CP-84 FP-80A Output 



Remarks 



RESET 17 6 Input Reset: When this line is driven active low for 6 or more 

clock cycles, the HD64180S enters the reset mode and 
all functions are reset. 
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• Address Lines 
Pin 





Number Input/ 




Symbol 


CP-84 FP-80A Output 


Remarks 


A0-A19 


30-35, 18-23, Output 


Address bus: This 20-bit address bus supports 




37-40, 25-28, (Three 


1Mbyte of memory and a 64kbyte (16-bit address 




4Z, 3U-34, otate; 


width) I/O space. The address bus goes to high 




44-47, 36-40 


impedance during: 




49-53 


• Reset mode 






• Passing control of the bus to another device (the 






HD64180S is placed in the bus release mode when the 






BUSREQ line is asserted). 


• Data Lines 






Pin 






Number 


Input/ 


Symbol 


CP-84 FP-80A 


Output Remarks 


D0-D7 


55-62 42-49 


Input/ Data bus: The 8-bit handles bi-directional 






Output data passing (input and output of data.) 






(Three 






State) 


• Memory and I/O Interface Lines 






Pin 






Number Input/ 




Symbol 


CP-84 FP-80A Output 


IXClIlctI IV9 


RD 


25 14 Output 


Read: This line is asserted during read cycles. 




(Three 


When this line is driven active low, the data lines are 




State) 


used as inputs. 


WR 


26 15 Output 


Write: This line is asserted during write cycles. 




(Three 


When this line is driven active low, the data lines 




State) 


are used as outputs. 
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Symbol 


Pin 

Number 
CP-84 FP-80A 


Input/ 
Output 


Remarks 




27 




16 


Output 
(Three 
State) 


Memory enable: This line is used to indicate a 
memory read or write operation. It is asserted in the 
following cases: 

• Instmction fetch, operand read, and memory 
read/write instmctions 

• Memory access during DMA cycles 

• Refresh cycles 


We 


28 




17 


Output 
(Three 
State) 


I/O enable: This line is used to indicate an I/O 
read/write operation. It is asserted in the following 
cases: 

• I/O read/write instructions 

• I/O access during DMA cycles 

• INTO acknowledge cycles 


WAIT 


12 




1 


Input 


Wait: This line is used to extend either memory or I/O 
read/write cycles. If this line is low at the falling edge 
of a T2 state, a Tw state is inserted. If the line is still 
low at the falling edge of the inserted Tw state, an 
additional Tw state is inserted. This process is 
repeated until the signal level on this line is high at the 
falling edge. 


CSo 


9 




79 


Output 


Chip select: These lines are used to access one of the 


csT 


10 




80 


Output 


three physical address areas: PAL, PAM, and PAH. 


CS2 


11 






Output 


The partition of the physical address space is the same 












as that of wait controllers. 

Physical address Signal 
area accessed asserted 

1 PAL area CSo 
(lower physical address area) 

2 PAM area CSi 
(middle physical address area) 

3 PAH area CS2 
(upper physical address area) 
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• System Control Lines 
Pin 

Number Input/ 
Symbol CP-84 FP-80A Output Remarks 

BUSREQ 18 7 Input Bus request: This line is asserted by an external device 

to request control of the bus. When this line is driven 
active low, the internal bus master waits until the end of 
the current machine cycle, then places the address lines, 
the data lines, and some of the memory I/O interface 
lines (RD, WR, ME, and lOE) into the high impedance 
state. 

BUSACK 20 9 Output Bus acknowledge: This line is used by the internal bus 

master to notify an external device by sending a 
BUSACK signal that a BUSREQ signal has been 
received and the bus has been released. 

HALT 24 13 Output HALT: This line is asserted whenever a HALT or SLP 

instruction is executed. It indicates that the HD64180S 
is in the halt, sleep, or system stop mode. This line is 
also used in conjunction with the LIR and ST lines to 
indicate the status of the CPU and internal DMAC. 

LIR 22 1 1 Output Load instruction register: This line is asserted during 

opcode fetch cycles. This line can also be used to 
output the Z80 peripheral LSI interface signal. 

ST 21 10 Output Status: This line is used, together with LIR and HALT, 

to indicate the internal status of the HD64180S (see 
table). 



HALT LIR ST 


Status 


(1) 1 0*1 


CPU active (first byte 




of an opcode fetch) 


1 





* 1 The upper value shows the LIR pin status when the LIRE bit of the operation mode conu-ol register is 1 , and the lower 
value shows tlie LIR pin status when the LIRE bit is 0. 
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Pin 

Number Input/ 
Symbol CP-84 FP-80A Output 



Remarks 



(2) 1 



0*2 



CPU active (second or 
third byte of an opcode 
fetch) 



(3) X*i 



1 DMAC operation 



(4) 1 11 Normal operating mode 

(other than (1), (2), 
or (3)) 
Reset mode 

(5) 0*2 Opcode fetch during 

halt mode (no 
instructions are 
executed) 



(6) 



Halt mode (other than 
(3) or (5)) 

Sleep mode (other than 
(3)) 

System stop mode 



REF 23 12 Output Refresh: This line is asserted during the DRAM refresh 

cycle. During this cycle, the refresh address is output 
on the 12 low-order lines (Ao - An) of the address bus. 

*1 X: Don't care 

*2 The upper value shows the LIR pin status when the LIRE bit of the operation mode control register is 1 , and the lower 
value shows the LIR pin status when the LIRE bit is 0. 

• Interrupt Lines 
Pin 

Number Input/ 
Symbol CP-84 FP-80A Output Remarks 



NMI 



13 



Input 



Non-maskable interrupt: This line is used to request a 
non-maskable interrupt. 
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Pin 

Number Input/ 
Symbol CP-84 FP-80A Output Remarks 

INTO 14 3 Input Interrupt 0: This line is used to request a level-0 

maskable interrupt. There are three different modes for 
level-0 interrupts (see table). 

Mode Function 

Executing the instruction on the data 
bus 

1 Executing the instruction at address 
0038H 

2 Vector mode 

INTi 15 4 Input Interrupt 1 and 2: These lines are used respectively 

to request level- 1 and level-2 maskable 
INT2 16 5 Input interrupts (vector mode). 



• DMA Lines 

Pin 

Number Input/ 
Symbol CI-84 FP-80A Output Remarks 

DREQo 80 66 Input DMA request for channel 0: This line is used to 

request a DMA transfer using internal DMAC 
channel 0. 

DREQi 8 1 67 Input DMA request for channel 1 : This line is used to 

request a DMA transfer using internal DMAC 
channel 1. 

TENDo 82 68 Output Transfer end for channel 0: This line is used to indicate 

the end of a DMA transfer using intemal DMAC 
channel 0. It is asserted synchronously with the read 
cycle upon the last data transfer. 

TENDi 83 69 Output Transfer end for channel 1: This line is used to indicate 

the end of a DMA transfer using intemal DMAC 
channel 1. It is asserted synchronously with the read 
cycle upon the last data transfer 
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• Serial I/O (MSCI) Lines 
Pin 



Symbol 


Number 
CP-84 FP-80A 


Input/ 
Output 


Remarks 


TXDM 


71 


57 


Output 


Transmit data from the MSCI: This line is used to 
output transmit data from the MSCI. 


RXDM 


68 


54 


Input 


Receive data to the MSCI: This line is used to input 
receive data to the MSCI. 


TXCM 


70 


56 


Input/ 
Output 


Transmit clock for the MSCI: This line is used to 
input/output the MSCI transmit clock. 
Three programmable modes: 
Input: • Extemal transmit clock 
Output: ♦ Transmit clock from the on-chip baud rate 
generator 

• Receive clock (used as the transmit clock) 


RXCM 


69 


55 


Input/ 
Output 


Receive clock for the MSCI: This line is used to 
input/output the MSCI receive clock. This line can also 



be used to input the ADPLL operating clock. 
Four programmable modes: 
Input: • Extemal receive clock 

• ADPLL operating clock 

Output: • Receive clock extracted by the ADPLL 

(when the on-chip baud rate generator is used 
as the ADPLL operating clock ) 

• Receive clock from the on-chip baud rate 
generator 

RTSM 65 51 Output Request to send for the MS CL Indicates that the 

HD64180S has data to be output to a communications 
device such as modem. The output level can be 
automatically controlled by MSCI operation (auto- 
enable function). This line can also be used as a 
general purpose output port. 

DCDM 66 52 Input Data carrier detect for the MSCI: Indicates that a 

communications device such as modem is receiving 
valid data from the communications line. MSCI receive 
operation can be automatically controlled by this input 
(auto-enable function). This line can also be used as a 
general purpose input port. 
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Pin 

Number Input/ 
Symbol CP-84 FP-80A Output Remarks 



CTSM 67 53 Input Clear to send for the MS CI: Indicates that a 

communications device such as modem is ready to send 
data to the communications line. MS CI transmit 
operation can be automatically controlled by this input 
(auto-enable function). This line can also be used as a 
general purpose input port. 



SYNC 64 50 Input/ Synchronization for the MS CI: This line is used 

Output as an input in the extemal byte synchronous mode. 

Synchronization is established at the falling edge of 
SYNC. This line is used as an output in the byte sync 
(mono- or bi-) or HDLC mode. It indicates the inverse 
of the S YNCD/FLGD bit in MSCI status register 1 
(MSTl)*. In the asynchronous mode, this line is used 
as an input. The input value does not affect operation. 

*For details concerning MSCI status register 1 (MSTl), see "MSCI Status Register 1." 

• Serial I/O (ASCI/CSIO) Lines 
Pin 



Symbol 


Number 
CP-84 FP-80A 


Input/ 
Output 


Remarks 


TXDA 


79 


65 


Output 


Transmit data from the ASCI/CSIO: This line is used 
to output transmit data from the ASCI/CSIO. 


RXDA 


76 


62 


Input 


Receive data to the ASCI/CSIO: This line is used to 
input receive data to the ASCI/CSIO. 


TXCA 


78 


64 


Input/ 
Output 


Transmit clock for the ASCI/CSIO: This line is used 

to input/output the ASCI/CSIO transmit clock. 

Two programmable modes: 

Input: • Extemal transmit clock 

Output* • Transmit clock from the on-chip baud rate generator 


RXCA 


77 


63 


Input/ 
Output 


Receive clock for the ASCI/CSIO: This line is 

used to input/output the ASCI/CSIO receive clock. 

Two programmable modes: 

Input: ♦ External receive clock 

Output • Receive clock from the on-chip baud rate generator 
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Symbol 


Pin 

Number Input/ 
CP-84 FP-80A Output 


Remarks 


RTSA 


72 




58 


Output 


Request to send for ASCI/CSIO: Indicates that the 
HD64180S has data to be output to a communications 
device such as a modem. The output level can be 
automatically controlled by the ASCI/CSIO operation 
(auto-enable function). This line can also be used as a 
general purpose output port. 


DCDA 


73 




59 


Input 


Data carrier detect for ASCI/CSIO: Indicates that a 
communications device such as a modem is receiving 
valid signals from the communications line. 
ASCI/CSIO receive operation can be automatically 
controlled by this input (auto-enable function). This 
line can also be used as a general purpose input port. 


CTSA 


75 




61 


Input 


Clear to send for ASCI/CSIO: Indicates that a 
communications device such as modem is ready to send 
data to the communications line. ASCI/CSIO transmit 
operation can be controlled automatically by this input 
(auto-enable function). This line can also be used as a 
general purpose input port. 


• Timer Lines 

Pin 

Number 
Symbol CP-84 FP-80A 


Input/ 


Remarks 


TINo 


5 




75 


Input 


Timer inputs for channels and 1: Event counter 
signals are input via these lines. 


TINi 


6 




76 


Input 




TOUTo 


7 




77 


Output 


Timer outputs for channels and 1: Timer signals are 
output via these lines. 



TOUTi 8 78 Output 
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■ Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Supply voltage 


Vcc 


-0.3 to +7.0 


V 


Input voltage 


Vin 


-0.3 to Vcc + 0.3 


V 


Operating temperature 


Topr 


-20 to +75 




Storage temperature 


Tstg 


-55 to +150 


•c 



Caution: Permanent damage to the HD64180S may result if it is subjected to conditions that 
exceed the absolute maximum ratings. To assure normal operation, the following conditions should 
be satisfied: 

Vss<Vin :^Vcc 



■ Electrical Characteristics 

• DC Characteristics (Vcc=5V± 10%, Vss=0V, Ta=-20 to +75°C unless otherwise specified) 



Item 


Symbol 


min typ 


max 


Unit 


Conditions 


Input high level voltage at 


V IHl 


Vcc-0.6 — 


Vcc+0.3 


V 




RESET, EXTAL, and NMI 












Input high level voltage at 


VlH2 


2.2 


Vcc+0.3 


V 




lines other than RESET, 












EXTAL, and NSii 












Input low level voltage at 


Vdli 


-0.3 


0.6 


V 




RESET, EXTAL, and NMI 












Input low level voltage at 


VIL2 


-0.3 


0.8 


V 




lines other than RESET, 












EXTAL, and NMI 












Output high level voltage 


VOH 


2.4 




V 


IOH = -200 ^lA 


at all output lines 


Vcc- 1.2 — 




lOH = -20 laA 


Output low level voltage 


Vol 




0.45 


V 


IOL= 2.2 mA 


at all output lines 
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DC Characteristics (cont.) (Vcc=5V± 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 



Item 


Symbol min 


typ 


max 


Unit 


Conditions 


Input leakage current 


I IL 




1.0 


^lA 


Vin = 0.5 to 


at all input lines other than 










Vcc -0.5 


XTAL and EXTAL 












Three state leakage current 


I TL 




1.0 


\iA 


V in = 0.5 to 

V cc -0.5 


Current dissipation* 




36 


72 




I = o MHz 


(normal operation) 





48 


96 


mA 


f=8MHz 




Ice 


DU 






I = lU MxiZ 


Current dissipation* 




6 


12 




f = 6MHz 


(system stop mode) 




8 


16 


mA 


f=8MHz 






10 


20 




f=10MHz 


Pin capacitance 


Cp 




20 


pF 


Vm = OV,f=l 

MHz,Ta = 25'C 



Input signal 

RESET, EXTAL. NMI: V.h^.^ = Vcc-0.6V, V.^^,, = 
0.6V the others: V,H^„ = Vcc-LOV, V.^^^, = 0.8V 



• AC Characteristics (Vcc=5Vd= 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 
Note that the specifications related to CS2 pin is specified only in CP-84 package version. 
Bus Timing 



Table 3-3. Bus Timing 

HD64180SCP6 HD64180SCP8 HD64180SCP10 

Item Symbol min typ max min typ max min typ max Unit Timing 

Clock cycle time tcvc 162 - 2000 125 - 2000 100 - 2000 ns See figures 



Clock high-level 


tCHW 


65 - 




50 - 




38 - 




ns 


pulse width 


















Clock low-level 


tCLW 


65 - 




50 - 




38 - 




ns 


pulse width 


















Clock fall time 


tcf 




15 




15 




12 


ns 


Clock rise time 


tcr 




15 




15 




12 


ns 


Address delay 


tAD 




90 




80 




55 


ns 



time 
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Bus Timing (cont.) 

HD64180SCP6 HD64180SCP8 HD6418aSCP10 

Item Symbol min typ max min typ max min typ max Unit Timing 

Address set-up Us 20 - - 15 - - 15 - - ns See figures 

time (vis-a-vis 10, 11, 

falling edge of 12 , and 13 . 

CS2-^) 



ME delay time 1 


tMEDl 


- - 60 - - 


50 - - 


50 


ns 


RD delay time 1 


tRDDl 


- - 60 - - 


50 - - 


50 


ns 


LIR delay time 1 


tLDl 


- - 80 - - 


70 - - 


55 


ns 


Address hold 


tAH 


35 - - 20 - 


- 10 - 




ns 



tiime (vis-a-vis 
rising edge of 
Nffi,mRD, 
WRor 
CS2-€So) 



Sffi delay time2 


tMED2 




60 




50 




50 


ns 


RD delay time2 


tRDD2 




60 




50 




50 


ns 


RD delay time 3 


tRDD3 




65 




60 




55 


ns 


iM delay time 2 


tLD2 




80 




70 




55 


ns 


Data read set-up 


tDRS 


40 - 




30 - 




30 - 




ns 


time 


















Data read hold 


tDRH 


- 




- 




- 




ns 


time* 


















ST delay time 1 


tSTDl 




90 




70 




60 


ns 


ST delay time 2 


tSTTtt 




90 




70 




60 


ns 


WATT set-up 


tws 


40 ~ 




40 - 




30 - 




ns 


time 



















* Defined against the first signal to go high level of ME, RD and CS2 - CSo 
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Bus Timing (cont.) 

HD64180SCP6 HD64180SCP8 HD64180SCP10 

Item Symbol min typ max min typ max min typ max Unit Timing 

WATT hold time twn 40 - --40 - - 30 - -ns See figures 



Wnteoata 


tWDZ 




95 




70 




60 


ns 


floating delay 


















time 


















delay time 1 


tWRDl 


— — 


65 


— — 


60 


— — 


50 


ns 


Write data delay 


tWEO 




90 


- 


80 




60 


ns 


time 


















Write data set-up 


tWDS 


40 


— 


20 




15 




ns 


time (vis-a-vis 


















falling edge of 


















WR) 


















delay time 2 


tWRD2 


— 


80 


_ _ 


60 


— — 


55 


ns 


WR pulse width 


tWRP 


170 


— 


130 


— 


110 


— 


ns 


Write data hold 


tWI»I 


40 - 


- 


15 - 


- 


10 - 


— 


ns 


time (vis-a-vis 


















nsmg edge of 


















WR) 


















lOE delay time 1 


tlC»)l 


=— 


60 


— = — 


50 


— = — =^ 


50 


ns 


Oi delay time 2 


t[OD2 


— — 


60 


— — 


50 


— — 


50 


ns 


lOE delay time 


tOD3 


340 - 




250 - 




200 - 




ns 


3 (from falling 


















edge of LIR) 


















lOE delay time 4 


tlOD4 




65 




60 




55 


ns 


B^T set-up time 


tlNTS 


40 - 




40 - 




30 - 




ns 


(vis-a-vis 


















falling edge of 


















0) 


















INT hold time 


tNTH 


40 - 




40 - 




30 - 




ns 



(vis-a-vis 
falling edge of 
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Bus Timing (cont.) 



HD64180SCP6 HD64180SCF8 HD64180SCP10 



Item 


Symbol 


min 


lyp 


max 


min 


typ 


max 


min 


typ 


max 


Unit 


NMI pulse width 


tNMTW 


120 






100 






80 






ns 


BUSREQ set-up 
time (vis-a-vis 
falling edge of 
0) 


tBRS 


40 






40 






30 






ns 


BUSREQ hold 
time (vis-a-vis 
falling edge of 
0) 


tBRH 


40 


- 


- 


40 


- 


- 


30 


- 


- 


ns 


BUS ACK delay 
time 1 


tBAD! 


- 


- 


95 


_ 


- 


70 


- 


- 


60 


ns 


BUS ACK delay 
time 2 


tBAD2 


- 


- 


95 


- 




70 


- 


- 


60 


ns 


Bus floating 
delay time 


tBZD 




— 


125 


— 


— 


90 


— 


— 


80 


ns 


ME high-level 
pulse width 


tMEWH 


110 






90 


- 


- 


70 


- 




ns 


ME low-level 
pulse width 


tMEWL 


125 


- 


- 


100 


- 


- 


80 




- 


ns 


REF delay time 1 


tRFDl 


- 


- 


90 


- 


- 


80 


- 




60 


ns 


REF delay time 2 


tRFD2 






90 






80 






60 


ns 


HALT delay 
time 1 


tHADl 


- 


- 


90 


- 




80 


- 


- 


50 


ns 


HALT delay 
time 2 


tHAD2 






90 






80 






50 


ns 


RESET set-up 
time 


tRES 


120 






100 






80 






ns 


RESET hold 
time 


tREH 


80 






80 






80 






ns 


Oscillator 


tosc 






20 






20 






40 


ms 



See figures 
10, 11, 
12, and 13. 



stabilize time 
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Bus Timing (cont.) 

HD64180SCP6 HD64180SCP8 HD64180SCP10 

Item Symbol min typ max min typ max min typ max Unit Timing 

RESET rise time tRr - _ 50 _ _ 50 _ _ 50 ms See figures 

RESET fall time tRf _ 5Q - _ 50 _ - 50 ms 10, 11, 

"CS delay time 1 tcspi _ 60 - - 55 - - 50 ns 12, and 13. 

CS delay time 2 tcsm __ 60 - - 55 - - 50 ns 



MSCI Timing 

HD64180SCP6 HD64180SCP8 HD64180SCP10 



Item 


Symbol 


mm typ 


max 


mm typ 


max 


mm typ 


max 


Unit Timing 


TXCM cycle time 


trCYCM 


1.4* - 




1.4* - 




1.4* - 




tCYC 


See figures 


(TXCM input) 


















14, 15, 


TXCM rise time 


trCrM 




20 




15 




10 


ns 


16, 17, 


(TXCM input) 


















18, 19, 


TXCM fall time 


trcfM 




20 




15 




10 


ns 


20, 21 


(TXCM input) 


















and 22. 


TXCM high-level 


trCHWM 


0.55 - 




0.55 ~ 




0.55 - 




tCYC 




pulse width 




















(TXCM input) 




















TXCM low-level 


trCLWM 


0.55 - 




0.55 - 




0.55 - 




tCYC 




pulse width 




















(TXCM input) 




















TXDM delay time 


tTODlM 




130 




100 




80 


ns 




(TXCM input) 




















TXDM delay time 


troD2M 




80 




65 




50 


ns 




(TXCMou^) 




















RXCM cycle time 


tRCYCM 


1.4* - 




1.4* - 




1.4* - 




tCYC 





* In asynchronous mode, loop mode, trcvcM, tRcvca^ = 2.5 tcvc (min). 
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HD64180S 



MSCI Timing (cont.) (Vcc=5V± 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 



HD64180SCP6 HD64180SCP8 HD64180SCP10 



Item 


dymDOi 


imn lyp 


max 


min typ 


max 


min typ 


max uniE i immg 


RXCM rise time 


tRQM 




20 




15 




10 ns See figures 


RXCM fall time 


tRCfM 




20 




15 




10 ns 14, 15, 


RXCM high-level 


tRCHWM 


0.55 - 




0.55 - 




0.55- 


- tcYc 16, 17, 


pulse width 














18, 19, 


RXCM low-level 


IRCLWM 


0.55 - 




0.55 - 




0.55- 


- tCYc 20, 21 


pulse width 














and 22. 


RXDM-RXCM 


tRDSlM 


50 - 




40 - 




30 - 


- ns 


set-up time 
















(RXCM input) 
















RXCM-RXDM 


tROHlM 


40 - 




30 - 




20 - 


— ns 


hold time (lOCCM 
















input) 
















RXDM-RXCM 


tRDS2M 


130 - 




100 - 




80 - 


- ns 


set-up time 
















(RXCM output) 
















RXCM-RXDM 


tRDH2M 


40 - 




30 - 




20 - 


- ns 


hold time (RXCM 
















OU5)Ut) 
















ADPLL operating 


tPLCYM 


120 - 




80 - 




57 - 


- ns 


clock cycle time 
















ADPLL operating 


tPLzM 




15 




10 




8 ns 


clock rise time 
















ADPLL operating 


tPLM 




15 




10 




8 ns 


clock fall time 
















ADPLL operating 


tPUHWM 


25 - 




15 - 




10 - 


- ns 


clock high-level 
















pulse width 
















ADPLL operating 


tPU.WM 


25 - 




15 - 




10 - 


- ns 


clock low-level 
















pulse width 
















0-BRG* output 


tBGDM 




150 




120 




95 ns 


delay time 

















fBRo ^ f0 (fBRG is the baud rale generator ou^ut frequency; f0 is the CPU operating clock frequency). 
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MSCI Timing (cont.) (Vcc=5V± 10%, Vss=OV, Ta=-20 to 4-75°C unless otherwise specified) 



HD64180SCP6 HD64180SCP8 HD64180SCP10 



Itcin 


oyniDOl 


min 


typ 


ITIHX 


inin typ 




min typ 




TTriSl- 

umi 


Timoing 


TXCM/RXCM 


tBGKfr 






50 




40 




30 


ns 




output rise tune 




















14, 15, 


TKCWRXCtA 


iBCSMf 






50 




40 




30 


ns 


1^ 17 
lO, 1/, 


output fall tune 




















18, 19, 


RXCM-SYNC 


tSYSU 


2,5 






2.5 - 




2.5 - 




tcyc 
























and zz. 


RXCM-SYNC 


tSYHD 


2.5 






2.5 - 




2.5 - 




tCYC 




IvJlKX UlIJC 






















CrSM high-level 




2.0 






2.0 - 




2.0 - 




tCYC 




puise wiQui 






















CTSM low-level 


tfTW WM 


2.0 






2.0 - 




2.0 - 




tCYC 




pulse width 






















DCDM high-level 


tOCDHWM 


2.0 






2.0 - 




2.0 - 




tCYC 




pulse width 






















DCDM low-level 


tDCDLWM 


2.0 






2.0 - 




2.0 - 




tCYC 




pulse width 






















0-RTSM delay 


tRTSDM 






100 




85 




70 


ns 





tune 
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ASCI/CSIO Timing (Vcc=5V± 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 



HD64180SCP6 HD64180SCP8 HD64180SCP10 



Item Symbol min typ max min typ max min typ max Unit Timing 

TXCA input trcvc 2.5 - - 2.5 - - 2.5 - - tCYc See figures 
cycle time 23,24, 

25, 26, 
27, 28 
and 29. 



1 Ai^A input 


trcHW 






U.Dj — 




A fie 

U.55 — 


— tCYC 


high-level pulse 
















width 
















1 ACA input 


trcLw 


U.5j - 




0.55 — 




A CC 

0.55 — 


~ tCYC 


low-level pulse 
















width 
















lAL-A input nse 


trcr 




jU 




ZU 




1 A MO 

lu ns 


time 
















TTfr^A intMif foil 

lAv^A input laii 


trcf 




nr\ 
jU 




zu 




1 A «%0 

lu ns 


time 
















lAJjA delay 


trooi 


1 < 

1.5 — 




1 r: 

1.5 ~ 


3.U 


1 c 

1.5 - 


3.0 tcYc 


time 1 
















lAL/A aeiay 


tTDD2 








ACl 
4U 




3U ns 


Ume z 
















ivAL^A input 


tRCYC 


Z.D — 




Z.J — 




< 

Z.D — 


— tCYC 


cycle time 
















RXCA input 


tRCHW 


0.55 - 




0.55 - 




0.55 - 


- tCYC 


high-level pulse 
















width 
















RXCA input 


tRCLW 


0.55 - 




0.55 - 




0.55 - 


- tCYC 


low-level pulse 
















width 
















RXCA input rise 


tRCr 




30 




20 




10 ns 


time 
















RXCA input fall 


tRCf 




30 




20 




10 ns 



time 
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ASCI/CSIO Timing (cont.) (Vcc=5V± 10%, Vss=OV, Ta=-20 to +75°C unless otherwise specified) 



HD64180SCP6 HD64180SCP8 HD64180SCP10 



Item 


Symbol 


min 


typ 


max min typ 


max 


min 


typ 


max Unit Timing 


RXDA set-up 
time 1 


tRDSl 


50 




- 40 - 




30 




~ ns 


See figures 
23, 24, 


RXDA hold time 
1 


tRE»n 


40 


- 


- 30 - 


- 


20 


- 


- ns 


25, 26, 
27,28 


RXDA set-up 
time 2 


teDS2 


130 


— 


- 100 - 


— 


80 


- 


- ns 


and 29. 


RXDA hold time 
2 


tRDH2 


40 





- 30 - 





20 




— 


- ns 




0-BRG output 
delay time 


tBGDA 


— 


— 


80 - - 


70 


— 




60 ns 




TXCA/RXCA 
output rise time 


tBGAr 






50 - - 


40 






30 ns 




TXCA/RXCA 
output fall time 


tBGAf 








50 - - 


40 





— 


30 ns 




CTSA high-level 
pulse width 


tCTSHW 


2.0 


- 


- 2.0 - 


- 


2.0 


- 


— tCYC 




CTSA low-level 
pulse width 


tCTSLW 


2.0 




- 2.0 - 




2.0 




- tCYC 




DCDA high- 
level pulse width 


tDCDHW 


2.0 




- 2.0 - 




2.0 




- tCYC 




DCDA low-level 
pulse width 


tDCDLW 


2.0 




- 2.0 - 




2.0 




- tCYC 





RTSAdelay xkisd ^ - iqo - - 85 - - 70 ns 
time 
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DMAC Timing (Vcc=5V± 10%, Vss=OV, Ta=-20 to H-75°C unless otherwise specified) 

HD64180SCP6 HDd4180SCP8 HD6418ftSCP10 

Item Symbol min typ max min typ max min typ max Unit Timing 

DREQ set-up idreqs 40 - - 40 - - 30 - -ns See figure 

time 30. 

DREQ hold time tpt&m 40 - - 40 - - 30 - -ns 
TEND delay traoi - - 70 - - 60 - - 50 ns 

time 1 

TEND delay tmyi -- 70 --60-- 50 ns 

time 2 

ST delay time 1 tgroi --90 -- 70 -- 60 ns 

ST delay time 2 tsnaz -^90--70->- 60 ns 

Timer Timing (Vcc=5Vdb 10%, Vss=OV, Ta=-20 to 4-75°C unless otherwise specified) 



HD64180SCP6 HD64180SCP8 HD64180SCP10 

Item Symbol min typ max min typ max min typ max Unit Timing 

Timer input tpm 10 - - 2.0 - - 2.0 - - tcvc See figure 
pulse width 



Timer input set- 


tPDSU 


40 


- 40 - 


- 30 - 


- ns 


up time 












Timer input hold 


tPOH 


40 


- 40 - 


-SO- 


- ns 


time 












Timer output 


troD 




- 100 - - 


BS - - 


70 ns 



delay time 
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EXTAL Input Clock Signal Timing (Vcc=5V ± 10%, Vss=OV, Ta=-20 to +75°C unless 
otherwise specified) 

HD64180SCP6 HD64180SCP8 HD64180SCP10 
Item Symbol min typ max min typ max min typ max Unit Timing 

External clock Iecyc 81 - 1000 62 - 1000 50 - 1000 ns See figure 
cycle time 32. 
External clock tEcnw 20 - - 15 - - 10 - - ns 
high-level pulse 
width 

External clock Ieclw 20 - - 15 - - 10 - - ns 

low-level pulse 

width 

External clock tEcr - - 25 - - 25 - - 15 ns 

fall time 

External clock tEcr - - 25 - - 25 - - 15 ns 

rise time 



Miscellaneous 

Rise and Fall Times of Input Signals with No Characteristics Specified 
(Vcc = 5V ± 10%, Vss = OV, Ta = -20 to +75°C unless otherwise specified) 

HD64180SCP6 HD64180SCP8 HD64180SCP10 

Item Symbol min typ max min typ max min typ max Unit Timing 

Input line rise tir - - 100 - - 100 - - 100 ns See figure 

time (no 33. 
characteristics 

specified) 

Input line fall tif - - 100 - - 100 - - 100 ns 

time (no 

characteristics 

specified) 
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Bus Timing 



tcHW tc 



Ao ~ A I 



WAIT 



ME 



IDE 



RO 



LIR 



ST 



Do~07 (OUT) 



RESET 



CSo- 




J^Vcs:0.6V 



0. 6V 



TV- 

I C S 1 



tcsoa 



tAH 



*^ Output buffer inactivation timing. 

*2 A low-level signal should be input to the RESET pin such that it is sampled at low level for at least six successive 
clock falling edges. After the reset mode is entered, it may require up to 1 clock cycles before all of the output lines 
are set to their initialize conditions. See "Reset Mode," for details. 



Figure 10. Bus Timing (1) 
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INTi 



NNI 



LIR* 



lOE* 



Do-'Dt (IN)" 



ME* 



REF* 



BUSREQ 



^ t I N TH 
* t NM I W 

/0.6V 



11 



BUSACK 

Oo'-Ot 

ME, RD, WR.TOE- 
HAij 



*i During INTo acknowledge cycle 

*2 During refresh cycle 

*3 Output buffer inactivatbn timing 



tto 



t I O03 



11 



J 



t I OO 1 



tsA 



33C 



Btsz 
- 



tons 



r 



t,c 



I 



tHA 



Figure 11. Bus Timing (2) 
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Second opcode fetch cycle 
for SLP Instruction 



INTo , INT,, 
INT2 



NNi 



Ao^ Ai 9 



HALT 



Sleep or system stop mode 




t I N TH 



0.6V 



tAD tuM I W 



I 



Opcode fetch or interrupt 
acknowledge cycle 



tAD 

t 



tHA 



NE.RD, LIR 



Figure 12. Bus Timing (3) (sleep or system stop mode) 




Figure 13. Bus Timing (4) 
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MSCI Timing 



(1) Transmit timing (TXCM input) 



TXCM 
(input) 



TXDN 
(output) 



^ ^ trCHWM ^ 



tro 



t TC rM 



t TC VCM 



* Defines in the FM type codes. 



Figure 14. Transmit Timing (TXCM input) 



(2) Transmit timing (TXCM output) 



TXCM'i 
(output) 



TXDH 
(output) 



t TOO 2M 



txnn^M ^ 



*i For details of tlie TXCM waveform, see figure 13-10. 
*^ Defines in the FM type codes. 



Figure 15. Transmit Timing (TXCM output) 



(3) Receive Timing (RXCM input) 



RXCH 
(input) 



RXDH 
(input) 



t ROS 1 M 



t RC rM 



iRCHWM 



t RC f M 



t RCLWM 



tRD 



Figure 16. Receive Timing (RXCM input) 
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HD64180S 



(4) Receive Timing (RXCM output) 



RXCM* 



(output) \ \ 



RXDM 
(input) 



X 



t ROS 2 



t RD 



' *For details of the RXCA waveform, see figure 19. 



Figure 17. Receive Timing (RXCM output) 
(5) ADPLL Operating Cloclc Timing 



RXCM 

(input) ,i 


^ P L rM t p L f Mj 


tpLLWM 




t PLHWM 


/ 






>LCVM 


tf 





Figure 18. ADPLL Operating Clock Timing 
(6) Baud Rate Generator Output Timing 




Figure 19. Baud Rate Generator Output Timing (£bRG=f<A) 
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(7) iSYNC Timing 




Figure 20. SYNC Timing 



(8) CTSM and DCDM Timing 



CTSM 



DCDM 



/ \ / 

^ tcTSHWM 



tc TSLWM 



^ toCOMWM ^ "" ' 



t DCOLWM 



Figure 21. CTSM and DCDM Timing 



(9) RTSM Timing 




Figure 22. RTSM Timing 
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ASCI/CSIO Timing 

(1) Transmit Timing (TXCA input) 




Figure 23. Transmit Timing (TXCA input) 
(2) Transmit Timing (TXCA output) 




Figure 24. Transmit Timing (TXCA output) 
(3) Receive Timing (RXCA input) 



RXCA 
(input) 



RKDA 





t RC YC 






t RCLW 


t RC HW 


\ 






/ 


*— t RC f 










IRDS 1 








>! 




< 









Figure 25. Receive Timing (RXCA input) 
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(4) Receive Timing (RXCA output) 



RXCA* 
(output) 



RXDA 



V 



*For details of the RXCA waveform, see figure 27. 



Figure 26. Receive Timing (RXCA output) 



(5) Baud Rate Generator Timing 



TXCA/RXCA 
(output) 



t B 60 A 



t B G A r — ► 



Figure 27. Baud Rate Generator Timing 



(6) CTSA and DCDA Timing 



CTSA 



DCDA 



tc TSLW 



\ / '\ 

'^111 J tcTSHW V 



toCDHW ^ 



Figure 28. CTSA and DCDA Timing 
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(7) RTSA Timing 



/ / V 



tftTS 



RTSA 



Figure 29. RTSA Timing 
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DMAC Timing 



DREQo. 1 
(level sensitive 
mode) 



DREQo. 1 
(edge sensitive 
mode) 



TENOo. 1 



ST 



DMA read/write cycle *3 



T, 



toREQS 

■~1 



t ORE C 



Tw 



t DREG 



r 



f « 3 

I TE D 1 

"1 



t ORE QH 



txE 



tsTD2 



*i Defines the rising edge of the clock immediately preceding Ts in singie-bbck transfer mode (dual address type) in 

write cycle 
*2 Defines the rising edge of the cbck 

*3 Defines a read cycle in single-bbck transfer mode (dual address type) 

*^ Defines the ck>ck after Ts of write cycle in single-bk)ck transfer mode (dual address type) 

*5 Defines the rising edge of the clock at the beginning of a DMA cycle 

*6 Defines the rising edge of the clock at the beginning of a CPU cycle 



Note: The timing for ME, lOE, RD, WR, Do-D?, and Ao-Ai9 during read/write operations is the same during CPU 
operation. 



Figure 30. DMAC Timing 
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Hmer Timing 



\ 




\ 




tposu 


t POH 




TIMo. 1 )j 




< 









t PWT 





t 




\ 


/ 






t TOD 






TOUTo. 1 )j 





Figure 31. Timer Timing 

EXTAL Input Clock Signal Timing 



tecMW ^ 


tecYC , 

Vcc-0. 6V 
U.6V 






• — tecr — * 




• t E C f 



t EC LW 



Figure 32. EXTAL Input Clock Signal Timing 
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Miscellaneous 



(1) Rise and Fall Times of Input Signals with No Characteristics Specified 




Figure 33. Rise and Fall Times of Input Signals with No Characteristics Specified 



(2) Reference Levels (when not otherwise specified) 



— VTTFv rwy — — \/rvi irrvv — 

AO.SV 0.8V A A0.8V 0.8V A 

input signal reference ievei Output signai reference ievel 



Figure 34. Reference Levels 



(3) Bus Timing Load (TTL load) 



Test point 
o 



1820741^ or equivalent. 



H4- 



! Diode* 



r Rl=I.6KQ 
C =90pF 
R = \ZKQ 



Figure 35. Bus Timing Load 
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■ Instruction Set 

In the instruction set, the following conventions are used: 
(1) Register specification 



g, g* represents a 8-bit register, while ww, xx, yy, or zz represents a pair of 8-bit registers. The 
corresponding registers are listed below. 





Register 


WW 


Register 


XX 


Register 




Register 


zz 


Register 


000 


B 


00 


BC 


00 


BC 


00 


BC 


00 


BC 


001 


C 


01 


DE 


01 


DE 


01 


DE 


01 


DE 


010 


D 


10 


HL 


10 


IX 


10 


lY 


10 


HL 


oil 


E 


11 


SP 


11 


SP 


11 


SP 


11 


AF 


100 


H 


















101 


L 


















111 


A 



















Note: WW, xx, yy, or xx plus H or L (eg, wwH, IXL) indicates the high or low order byte of a 16-bit 
register. 

(2) Bit specification. 

Vindicates the bit number of the bit operand in a bit manipulation instruction. The 
corresponding bits are listed below. 



B 


Bit 


000 





001 


1 


010 


2 


oil 


3 


100 


4 


101 


5 


110 


6 


111 


7 
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(3) Condition specification 

T indicates the condition for executing an instruction, based on the arithmetic result. The 
corresponding conditions are listed below. 



f Condition 



000 


NZ 


nonzero 


001 


z 


zero 


010 


NC 


non carry 


oil 


C 


cany 


100 


PO 


parity odd 


101 


PE 


parity even 


110 


P 


sign plus 


111 


M 


sign minus 



(4) Restart address 

V indicates the restart address of a restart instruction. The corresponding addresses are listed 
below. 



V 


Address 


000 


OOH 


001 


08H 


010 


lOH 


oil 


18H 


100 


20H 


101 


28H 


110 


30H 


111 


38H 



(5) Flag 

Flag changes are indicated by the following symbols: 

•: The flag is not changed by the instruction. 
X: Flag change by this instruction is undefined. 
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t : The flag is changed according to the arithmetic result of the instruction. 

S: The flag is set to 1 by the instruction. 

R: The flag is reset to by the instruction. 

P: The flag is changed as a parity flag by the instruction. 

V: The flag is changed as an overflow flag by the instruction. 

(6) Others 

( )M: Indicates the memory at the address indicated in parentheses. 

( )i: Indicates the I/O at the address indicated in parentheses, 

m or n: 8-bit value 

mn: 16-bit value 

r: Subscript r indicates a 8-bit register. 

R: Subscript R indicates a 16-bit register. 

b-( )M: Indicates the memory bit specified by b at the address indicated in parentheses, 

b gr: Indicates the register bit specified by b in the register specified by gr. 

d or j: Signed 8-bit displacement 

S : Source addressing mode 

D: Destination addressing mode 

AND 

+: OR 

0: Exclusive OR 
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• Data Manipulation Instructions 



(1) Arithmetic and logic instructions (8bits) 



Operation 
name 








Addressing 










Flag 


MNEMONICS 


OP code 






Bytes 


Sutes 


Operation 


7 6 4 2 


1 






IMMED 


EXT 


IND 


REG 


REGl 


IMP 


REL 








S Z H P/V 


N C 


ADD 


ADDA« 
AODA.mL) 
ADD A^n 


10 000 g 

10 000 no 

11 000 no 


s 






S 


S 


D 
D 
D 




1 
1 
2 


4 

6 
6 


Ar+gr"*Ar 

Ar+(HL)«-*Ar 

Ar+m-»Ar 


I 1 I V 
I 1 1 V 
1 1 1 V 


R ! 
R t 
R 1 




ADD A.(lX+d) 


< m > 

n on 101 
10 000 no 

< d > 






S 






D 




3 


14 


Ar+(lX+d)M-Ar 


1 I 1 V 


R t 




ADD A,UYTd) 


11 in 101 
10 000 no 
< d > 






S 






D 




3 


14 


Ar+(IY+d)M-*Ar 


I I I V 


R I 


ADC 


AOCA« 
ADC A.(HL) 
ADCA.in 


10 001 g 

10 001 no 
n 001 no 


s 






S 


S 


D 
D 
D 




1 
I 
2 


4 
6 
6 


Ar+gr+c-»Ar 

Ar+(HL)„+c-Ar 

Ar+m+c-»Ar 


1 I I V 
1 I 1 V 
I I I V 


R I 
R I 
R I 




ADC A.{1X 1 A) 
ADC A.(IY+d) 


< m > 
II oil 101 

10 001 no 

< d > 

11 in 101 
10 001 no 

< d > 






8 
S 






D 
D 




3 
3 


14 
14 


Ar«(iXl(l).lc 'Ar 
Ar+{IY+d)«+c-»Ar 


1 I 1 V 
I I 1 V 


R I 
R I 


AND 


ANDg 
AND (HL) 
ANDm 


10 100 g 

10 100 no 
11 100 no 

< m > 

11 on 101 
10 100 no 

< d > 


s 






S 


S 


D 
D 
D 




1 
1 
2 


4 

6 
6 


Ar'gr-»Ar 

Ar.(HL)«-»Ar 

Ar'm-»Ar 


I I S P 
I 1 S P 
I 1 S P 


R R 
R R 
R R 




AND (IX+d) 






S 






D 




3 


14 


Ar-(IX+d)«-Ar 


I I S P 


R R 




n.tiu U I TO/ 


10 100 no 
< d > 






S 






D 






1^ 


Kt VI I TO/ 


1 I S P 


R R 


Compare 


CPg 

CP(HL) 

CPm 

CP (IX+d) 
CP UY+d) 


10 111 g 

10 111 no 

11 111 no 

< m > 
11 on 101 

10 111 no 

< d > 

11 111 101 

10 111 no 

< d > 


s 




s 
s 


S 


s 


D 
D 
D 

D 
D 




1 
2 
3 

3 


4 

6 
6 

14 
14 


Ar-gr 

Ar-(HL)« 

Ar-m 

Ar-(DC+d)« 
Ar-(IY+d)ii 


I I 1 V 
1 I I V 
I 1 I V 

I I I V 
I I I V 


S I 
S t 
S t 

S I 
S I 


COMPLE- 
MENT 


CPL 


00 101 111 












S/D 




1 


3 


Ar-Ar 


• S • 


S 


DEC 


DECg 
DEC(HL) 
DEC (IX+d) 


00 g 101 
00 110 101 

11 on 101 
00 no 101 






S/D 


S/D 


S/D 






1 
1 
3 


4 

10 
18 


gr-l-gr 

{HL)«-1-(HL)« 

(IX+d)«-H 

(IX+d)M 


1 1 I V 
1 1 I V 

t t t V 


s • 
s • 

c . 
9 • 




DEC (lY+d) 


< d > 
11 111 101 

00 no ]ot 

< d > 






S/D 










3 


18 


(lY+d)«-l- 
(IY+d)« 


I I 1 V 


s • 


INC 


INCg 

INC (HL) 
INC (IXid) 


00 g 100 
00 110 100 

11 on 101 
00 no 100 

< d > 
11 111 101 

00 no 100 

< d > 






S/D 


S/D 


S/D 






1 
1 
3 


4 

10 
18 


gr+l-gr 
(HUm+I-^IHUn 
(IX+d)M+l- 
(IX-fd)M 


I I I V 
I I I V 
I I I V 


R • 
R • 
R • 




INC (lY+d) 






S/D 










3 


18 


(IY+d)«+l- 
(lY-l-d). 


1 I 1 V 


R • 



(Continued) 
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Operation 


















Flag 


MNEMONICS 


OP code 




Addressing 




Bytes 


-States 


Operation 


7 


6 


4 2 


1 





name 






IMMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 








S 


Z 


H P/V 


N 


C 


MULT 


MLTww 


11 101 101 








S/D 








2 


17 


wwHrxwwL4-«ww, 
















Olwwl 100 
































NEGATE 


NEC 


11 101 101 












S/D 




2 


6 


0-Ar-»Ar 


1 


I 


I V 


S 


I 






01 000 100 
































OR 


ORg 


10 110 g 








S 




D 




1 


4 


Ar+gr-»Ar 




\ 


R P 


R 


R 




OR (HL) 


10 110 110 










S 


D 




1 


6 


Ar+(HL)M-Ar 






R P 


R 


R 




ORtn 


11 110 110 


S 










D 




2 


6 


Ar+m-»Ar 






R P 


R 


R 




OR (IX+d) 


< m > 
11 Oil 101 












Q 




3 


14 


Ar+(IX+d)i,-»Ar 






R P 


R 


R 






10 110 110 


































OR (lY+d) 


< d > 
11 111 101 












J) 




3 


14 


Ar+(IY+d)«-Ar 






R P 


R 


R 






10 110 110 

< d > 
































SUB 


SUBg 


10 010 g 








S 









1 


4 


Ar-gr-*Ar 


J 




1 V 


S 


1 




SUB (HL) 


10 010 110 










S 


D 




1 


6 


Ar-(HL)M-Ar 






I V 


S 


1 




SUBm 


11 010 110 


S 










D 




2 


6 


Ar-m-*Ar 






I V 


S 


1 




SUB (IX+d) 


< m > 
11 Oil 101 






S 






D 




3 


14 


A. /IV_lJ\ _i.A» 

Ar-(iA+ci;M-»Ar 






I V 


S 


I 






10 010 110 


































SUB (lY+d) 


< d > 
11 111 101 






s 






D 




3 


14 


Ar-(IY+d)«-*Ar 






1 V 


S 


1 






10 010 110 

< d > 
































SUBC 


SBCA« 


10 on g 








S 




D 




1 


4 


Ar~gr-c-*Ar 




J 


I V 


S 


I 




SBC A.(HL) 


10 Oil 110 










S 


D 




1 


6 


Ar-(HL)„-c-Ar 






I V 


S 


I 




SBC A,ni 


11 Oil no 


S 










D 




2 


6 


Ar-m-c-*Ar 






I V 


S 


I 




SBC A,{IX+d) 


< m > 

n oil 101 






S 






D 




3 


14 


Ar-(IX+d)n-c-»Ar 






J V 


S 


1 






10 on no 


































SBC A,(iy+d) 


< d > 
11 111 101 






S 






D 




3 


14 


Ar-(IY+d)((-C"*Ar 






I V 


S 


I 






10 on no 

< d > 
































TEST 


TSTg 


11 101 101 








S 








2 


7 


Afgr 






S P 


R 


R 






00 g 100 


































TST (HL) 


11 101 101 










S 






2 


10 


Ar'(HL)M 






S P 


R 


R 






00 no 100 


































TSTm 


11 101 101 


§ 














3 


9 


Ar-m 






S P 


R 


R 






01 100 100 




































< m > 
































XOR 


XORg 


10 101 g 








S 




D 




1 


4 


At<iigr-«Ar 






R P 


R 


R 




XOR (HL) 


10 101 no 










S 


D 




1 


6 


Ai^(HL)«-Ar 


1 


J 


R P 


R 


R 




XORm 


11 101 no 


S 










D 




2 


6 


Ai®m-Ar 






R P 


R 


R 




XOR (IX+d) 


< m > 

11 on 101 






S 






D 




3 


14 


Are(IX+d)«-»Ar 






R P 


R 


R 






10 101 no 

< d > 


































XOR (lY+d) 


11 111 101 






S 






D 




3 


14 


Ar®(lY+d)M-Ar 






R P 


R 


R 






10 101 no 

< d > 
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(2) Rotate/shift instructions 



operation 
name 



MNEMONICS 



opcode 



IMMED EXT 



Addressing 



REG 



Bytes 



States 



Operation 



Flag 



7 6 4 2 1 



P/V NC 



Shift 
Data 



RLA 
RLg 



RL (HL) 
RL (IX-t-d) 



RL (lY+d) 



RLCA 
RlXg 



RLC (HL) 
RLC (IX+d) 



RLC (lY+d) 



RRA 
RRg 



RR (HL) 
RR (IX+d) 



RR (lY+d) 



RRCA 
RRCg 



RRC (HL) 
RRC (IX+d) 



RRC (lY+d) 



00 010 111 
U 001 oil 
00 010 g 

11 001 on 

00 010 110 
11 oil 101 
11 001 oil 

< d > 

00 010 no 

11 111 101 
11 001 oil 

< d > 
00 010 110 

00 000 in 
n 001 on 

OOOOOg 

11 001 on 
00 000 no 
11 on 101 
n 001 on 

< d > 

00 000 110 

n 111 101 
11 001 on 

< d > 

00 000 110 

n 101 101 

01 101 111 

00 on m 
11 001 on 
ooong 
11 001 on 
00 on no 
11 on 101 
11 001 on 

< d > 
00 on no 

11 111 101 

11 001 on 

< d > 
00 on no 

00 001 111 

II 001 on 

00 001 g 

n 001 on 
00 001 no 
11 on 101 
11 001 on 

< d > 
00 001 no 
n 111 101 
11 001 on 

< A > 
00 001 no 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



r>' <ijiiiiii -' 




MtllM IIK }^ 



• • R • R 1 
1 I R P R I 

1 1 R P R t 

1 1 R P R t 

I 1 R P R I 

• • R • R I 
1 I R P R 1 

1 I R P R I 

1 I R P R I 

I 1 R P R I 

I I R P R • 

• • R • R I 
I 1 R P R I 

I I R P R I 

I I R P R I 



I I R P R I 

I I R P R I 

t I R P R 1 

I t R P R I 
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Operation 




























Flag 


MNEMONICS 


OP code 






Aoaressmg 






Bytes 


States 


Operation 




7 


6 4 2 


1 


name 






IMMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 










S 


Z H P/V 


N C 


Rotate 


RRD 


11 101 101 












S/D 






























2 


16 


llllllTTT 


Ar 


I 


I R P 


R • 


and 




01 100 111 




















w , !_ttJ 










Shift 


SLAg 


11 001 oil 








S/D 








2 


7 


i 1 1 1 1 M IIHUm 


1 


I R P 


R 1 














b7 1 f bO 








Data 




00 100 g 

11 001 on 






























SIA (HL) 










S/D 






2 


13 


□H 1 M M M h« 

C b7 bO 


1 


I R P 


R I 






(Ni KH) no 
































SLA (1X+(I) 


n on 101 
11 001 on 
< d > 

00 100 110 






S/U 










4 


lU 






1 


1 k P 


K 1 




SLA (lY+d) 


11 111 101 

11 001 on 
< d > 
00 100 110 






S/D 










4 


19 






1 


1 R P 


R I 




SRAs 


11 001 on 

00 101 g 








S/D 








2 


7 






1 


1 R P 


R I 


















H 1 1 1 1 1 1 1 hO 

b7 bO C 










SRA (HL) 


11 001 on 
00 101 no 










S/D 






2 


13 






1 


I R P 


R I 




SRA (IX +d) 


11 on 101 
11 001 on 

< d > 
00 101 110 






S/D 










4 


19 






I 


I K r 


K I 




SRA (lY+d) 


11 111 101 

11 001 on 
< d > 






S/D 










4 


19 






I 


I R P 


R I 






00 101 no 
































































SRLg 


11 001 on 
00 ni g 








S/D 








2 


7 


•H M M 1 M KJ 

b7 M C 


I 


1 R P 


R I 




SRL (HL) 


11 001 on 
00 111 no 










S/D 






2 


3 






I 


I R P 


R I 




SRL (IX +d) 


11 on 101 

11 AAi nil 
11 UUl Ull 

< d > 

00 111 no 






S/D 










4 


19 






I 


I R P 


R I 




SRL (lY+d) 


11 111 101 

11 001 on 
< d > 
00 111 no 






S/D 










4 


19 






I 


I R P 


R I 
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(3) Bit manipulation instructions 



Operation 
name 


MNEMONICS 


opcode 


Addrening 


Bytes 


States 


operation 


Flag 


7 6 


4 2 10 


MMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 


S Z 


H P/V N C 


Bit Set 


SETb« 

SETb.(IX+d) 

SETb.(IY+d) 


11 001 Oil 
lib g 

11 001 on 

Ub 110 
11 Oil 101 
11 001 Oil 

< d > 
Ub 110 
11 111 101 
11 001 Oil 

< d > 
11 b 110 






S/D 
S/D 


S/D 


S/D 






2 
2 
4 

4 


7 
13 
19 

19 


1-b'gr 

l-b-dX+d). 

l-b-(IY+d)« 




Bit Reset 


RESb« 

BBC k (W \ 

RES b,(IX+d) 
RES b,(IYfd) 


11 001 Oil 

10 b g 

11 Mil All 
ll UVl vll 

10 b 110 

11 Oil 101 
11 001 Oil 

< d > 

10 b 110 

11 111 101 

11 Ml All 

< d > 
10 b 110 






S/D 


S/D 


S/D 






2 
2 

4 
4 


7 
13 
19 

19 


0-»b«gr 

0-H>*(IY-l-d)N 




Bit Test 


BITb« 


11 001 Oil 
















2 


6 


■= 

b'gr-»i 


X t 


S X R • 






01b g 




























BIT b,(HL) 


11 001 on 










S 






2 


9 


b'(HUM-*> 


X t 


S X R • 






01 b no 




























BIT b.{IX+d) 


11 on 101 






S 










4 


IS 


b-(IX+d)«-j 


X t 


S X R • 






11 001 on 






























< d > 






























01 b no 




























BIT b,(IY+d) 


n 111 101 






s 










4 


IS 


b-UY+d).-! 


X I 


S X R • 






11 001 on 






























< d > 






























01 b no 
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(4) Arithmetic instructions (16 bits) 



Opcrstion 
name 


MNEMONICS 


OP code 


Addressing 


Bytes 


States 


Operation 


Flag 

7 6 4 2 1 


IMMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 


S Z H P/V N C 


ADD 


ADDHL.WW 
ADD IX,xx 

ADD IY,yy 


OOwwlOOl 
11 Oil 101 
00 xxl 001 
11 111 101 
00 yyl 001 








S 
S 

s 




D 
D 

D 




1 

2 

2 




HL,+ww,-*HL, 
IX,+xx,-»IX, 

IY,+m-IY. 


• • X • R I 

• • X • R I 

• • X • R I 


ADC 


ADC HL,ww 


11 101 101 
01 wwl 010 








s 




D 




2 




HL,+ww,+c-*HL« 


1 1 X V R 1 


DEC 


DEC WW 
DEC IX 

DEC lY 


OOwwlOll 
11 Oil 101 
00 101 Oil 
11 111 101 
00 101 oil 








S/D 




S/D 
S/D 




1 
2 

2 




WW,-1-»WW| 

IX,-1^IX, 
IY,-1-»IY, 




INC 


INC WW 
INC IX 

INC lY 


OOwwOOll 
11 Oil 101 

00 100 on 

11 111 101 
00 100 oil 








S/D 




S/D 
S/D 




1 

2 

2 




WW|| + 1-»WW|| 

IX»+1HX, 
IY,+1-IY, 




SBC 


SBC IIL.WW 


11 101 101 
OlwwOOlO 








S 




D 




2 




iiu WW* - c-»nu 


I I X V S 1 
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• Data Transfer Instructions 



(1) 8-bit transfer instructions 



Operation 
name 



MNEMONICS 


OP code 


Addressing 


B tes 
y es 


States 


Ooe f 
upera u 


IMMED 


EXT 


iND 


REG 


RECI 


IMP 


REL 


U) A,I 


11 101 101 












S/D 




2 


6 


lr-»Ar 




01 010 111 






















LDA.R 


11 101 101 












S/D 




2 


6 


Rr-»Ar 




01 on 111 






















LDA,(BC) 


00 001 010 










S 


D 




1 


6 


{BC)«-Ar 


LD A,(DE) 


00 oil 010 










s 






1 


6 


(DE)i,-»Ar 


LD A,(inn) 


00 111 010 

< n > 




S 








D 




3 


12 


(mn)M-»Ar 


LDI.A 


< m > 

II lAI 1AI 
11 lUl lUl 












S/D 




2 


6 


Ar-»lr 




A1 MA 111 
jll UOU 111 






















LD R,A 


11 101 101 












S/D 




2 


6 


Ar-»Rr 




At (ini 111 

VI Wl 111 
























nn AAA A1A 

UU UUU UlU 










D 


S 




1 


7 


Ar-»(BC)n 


LD (DE),A 


00 010 010 










D 


s 




1 


7 


Ar-»{DE)ii 


LD(im)^ 


00 110 010 

< n > 




D 








s 




3 


13 


Ar-*(tnn)n 


LDg^ 


< m > 

01 g i 








S/D 








1 


4 


g«'-gr 


LDg.(HL) 


01 g no 








D 


S 






1 


6 


(HL)«-gr 


LD g,in 


00 g 110 


S 






D 








2 


6 


m-»gr 


IV giUATOj 


11 All 1A1 
11 Ull lUl 






S 


D 








3 


14 


(lX+d)ii-»gr 




01 g 110 
























< d > 






















UU giVl I TO/ 


01 110 






S 


D 








^ 


14 


(lY+d)M"*gr 




K 
























< d > 






















LD (HL),in 


00 110 110 


S 








D 






2 


9 


m-(HL)M 


LD (IX+d).m 


< m > 
11 Oil 101 


S 




D 










4 


15 


m-(IX+d)« 




00 110 110 

< d > 
























< m ) 






















LD (lY+<l).in 


11 111 101 


S 




D 










4 


15 


in-(IY+d)„ 




00 110 110 
























< d > 
























< m > 






















LD (HL)« 


01 110 g 








S 


D 






1 


7 


gr-(HL)M 


LD (lX+d)« 


11 Oil 101 






D 


S 








3 


15 


gr^(IX+d)M 




01 no g 
























< d > 






















LD (lY+d)j[ 


11 111 101 






D 


S 








3 


15 


gr-{IY+d)« 




01 110 g 
























< d > 























S Z H P/V N C 



Load 

8-bit Data 



I I R lEF, R 
I 1 R lEF, R 



*1 No interrupts are sampled at the end of LD A,I or LD A,R instruction. 
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(2) 16-bit transfer instructions 



Operation 
name 



MNEMONICS 



Addressing 



Bytes 



Operation 



Flag 



S Z H P/V N C 



Load 

16 bit Data 



LD ww,mn 



LD IX^ 



LU SIMIL 
LD SP.IX 



LDSPJY 
LD ww,{mn) 



LD HL.(mn) 



LD IX. (mn) 



LD lY.dnn) 



LD (mn),HL 



LD (mn).IY 



OOwwOOOl 

< n > 

< m > 
11 Oil 101 
00 100 001 

< n > 

< m > 
11 111 101 

00 100 001 

< n > 

< m > 
II 111 001 
11 Oil 101 
11 111 001 
11 111 101 
11 111 001 
11 101 101 

01 wwl Oil 

< n > 

< m > 
00 101 010 

< n > 

< m > 
11 Oil 101 
00 101 010 

< n > 

< m > 
11 111 101 
00 101 010 

< II > 

< m > 
11 101 101 
OlwwOOll 

< n > 

< m > 
00 100 010 

< n > 

< m > 
11 Oil 101 
00 100 010 

< n > 

< m > 
11 111 101 
00 100 010 

< n > 

< m > 



nin-*lX« 



IIL, 'SI', 
1Xk-SP, 



IY,-*SP« 



(mn+l)in-*wwHr 
{mn)ii,-*wwLr 



(nm+l)M-*llr 
(inn)M-*Lr 



(mn+l)M-lXllr 
(n)n)i(-»IXLr 



(mn+DM-IYHr 
(tnn)M-^IYLr 



wwHr-*(mn+l)iii 
wwLr-»(mn)n 



Hr-{mn+l)M 
Lr-*(mn)i4 



IXHr-dnn+DM 
IXLr-^(mn)M 



IYHr^(mn+l)« 
IYLr-(mn)M 
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(3) Block transfer instructions 



Operation 
name 



MNEMONICS 



OP code 



Addressing 



IND REG REGI IMP REL 



Bytes 



Operation 



S Z H P/V N 



Block 
Transfer 
Search 
Data 



CPl 



11 101 101 
10 101 001 



11 101 101 
10 111 001 



11 101 101 
10 100 001 



11 101 101 
10 110 001 



11 101 101 
10 101 000 



11 101 101 
10 111 000 



11 101 101 
10 100 000 



11 101 101 

10 no 000 



S/D 



S/D 



S/D 



14 (BC,*0) 
12 (BC,=0) 



14 (BC*0) 
12 (BC,=0) 



Ar-(HL)M 

BC-l-BC, 

HL,-WHU 

BC*OAr*(HL)M 

BC=OorAr=(HL)M 

[Ar-(HL)« 
Q BC-l-BC 

Ihu-i-hu 

Repeat Q until 

Ar=(HL)MorBC=0 

Ar-(HL)M 

BC-l-BC 

HU+1-»HL, 

BC4:0Ar;^(HL)M 

BC=Oor Ar=(HL)M 
[Ar-(HL)M 

Q BC-l-BC 
1 IIU 1 1-HU 

Keiieat Q until 

Ar={HL)MorBC=0 

(HL)..-*{DE)m 

BC-l-BC 

l)E«-l-DE« 

HU-l-HU 
(HL)m-(DE)m 
BC-l-BC 
DE,-1-DE, 
HU-l-HU 

Repeat Q until 

BC=0 

(HL)m-(DE)m 

BC-l-BC 

DE,+1-DE. 

HU+l-HU 
(HL)m-(DE)m 
BC-l-BC 
DE.+1-DE, 
HU+l-HL, 

Repeat Q until 

BC=0 



1 1 I I S 



I 1 1 I S 



• 3 •Z 

I I I I s 



1 I I I S 



*2 P/V = : BCr-1=0 
PA^ = 1 : BCr - 1 # 

♦3 Z=l : Ar = (HL)M 
Z = : Ar9t(HL)M 
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(4) Stack/exchange instructions 



Operation 
name 


MNEMONICS 


OP code 


Addressing 


Bytes 


States 


Operation 


Flag 


7 6 4 2 1 





IMMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 


S Z H P/V N 


C 


PUSH 


PUSH n 
PUSH IX 
PUSH lY 


11 zzO 101 

11 Oil 101 
11 100 101 

11 111 101 
11 100 101 








S 




D 

S/D 
S/D 




1 
2 
2 


11 
\i 
14 


zzLr-(SP-2)M 

zzHr-^(SP-l)M 

SP,-2-*SP, 

IXLr-»(SP-2)M 

IXHr-(SP-l)« 

SP«-2-SP» 

IYLr-^(SP-2)« 

IYHr^(SP-l)M 

SP,-2-SP, 




POP 


POP 22 

POP IX 
POP lY 


11 Z20 001 

11 Oil 101 
11 100 001 

11 111 101 
11 lUU UUl 








D 




S 

S/D 
S/D 




1 
2 

^ 


9 
12 
12 


{SP+l)«-zzHr *4 

(SP)M-'zzLr 

SPi+2-*SP« 

(SP+l)M-*IXHr 

(Sr)M~*IXLr 

SPi+2-*SP» 

CP 4.9_«CP 






EX AF.AP 


00 m 000 












S/D 




1 


4 


af«-af; 








EX DE,HL 


11 101 on 












S/D 




1 


3 


DE«-HL« 








EXX 


11 oil 001 












S/D 




1 


3 


BC«-BCi' 






























DE«"DE«' 






























IIU"IIU' 








EX (SP).HL 


11 100 oil 












S/D 




1 


16 


Hr-'ISP+DM 






























Lr«(SP)„ 








EX (SP).IX 


11 oil 101 












S/D 




2 


19 


IXHr«(SP+l)« 










11 100 oil 




















IXLr"(SP)« 








EX {SP).IY 


11 111 101 












S/D 




2 


19 


IYHr"(SP+l)M 










11 100 oil 




















IYLr"(SP)M 







*4 POP AF writes the stack contents to the flag. 
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• Program Control Instructions 



Operation 
name 



MNEMONICS 



Addressing 



Bytes 



Operation 



Flag 

6 4 2 1 



S Z H P/V N C 



6(f false) 
16 ({ tme) 



PCHr-(SP-l)M 
PCLr-(SP-2)„ 
mn-PC, 
SP«-2-SP, 
continue f is false 
CALL mn f is true 



Jump 



DJNZj 

JPf^n 

JP mn 

JP (HL) 
jP (IX) 

JP (lY) 

JR] 

JR Cj 

JR NCj 

JRZj 

JR NZ.j 



00 010 000 
<j-2> 



11 000 Oil 

< n > 

< m > 
11 101 001 
11 Oil 101 
U 101 (HU 
11 111 101 
11 101 001 
00 Oil 000 

<j.2> 

00 111 000 
<}-2> 

00 110 000 
<j-2> 

00 101 000 
<j-2) 

00 100 000 
<j-2> 



9 (Br*0) 
7 (Br=0) 



6(f false) 
9(f true) 



Br-l-Br 
continue " Br=0 
PCR+j-PC, Br*0 



mn-»PCR f IS true 
continue f is false 



mn-PC, 



HL,-*PC» 
1X,-PC, 



PC,+j-PCk 

continue . C=0 
PC«+]-PC, C=l 
continue C=l 
PC+nPC« C=0 
continue Z=0 
PC«+j-PC, Z=l 
continue . Z=l 
PC,+j-PC, Z=0 



RET 



RETI 



11 001 001 



11 101 101 
01 001 101 



11 101 101 
01 000 101 



5(f false) 
10 (f true) 



{SP)M-PCLr 
(SP+l)M-*PCHr 
SP,+2-*SPk 
continue ' f is false 
RET f IS true 

(SP)M^PCLr 

(SP+l)M-PCHr 

SP«+2-'SP, 

(SP)«-»PCLr 

(SP+l)M-PCHr 

SP,+2-SP, 

lEFa-^IEF, 



PCHr-(SP-l)M 
PCLr-(SP-2)„ 
0-PCHr 
v-PCLr 
SI', 2 -SI', 
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• I/O Instructions 































Flag 




Operation 

tisaat 










AddressinK 
















MNEMONICS 


OP code 










Hytes 


States 


0|)eratiot) 


7 


4 2 


1 






IMMED 


EXT 


IND 


REG 


REGI 


IMP 


I/O 








S Z 


H P/V 


N C 


INPUT 


IN A,(m) 
IN fi.(C) 


11 on on 
< m > 

11 101 101 

tti K m 








D 




D 


S 
S 


2 
2 


9 
9 


{Ain),-Ar 

Ar-»A|-Aj$ 

(BO.-gr 

g=110:Oniy the 

flfl^ will 

change. 

Cr-»A,~A, 

Br-A,~A,. 


1 I 


K V 


K • 




INOg,(m) 


11 101 101 
00 g 000 

< m > 








D 






S 


3 


12 


{00m),-»gr 
g=110 Only the 
flags will 
change. 
m-»Ai~A7 
00-»A,~A„ 


t 1 


R P 


R • 

*6 




IND 


11 101 101 
10 101 010 










D 




S 


2 


12 


(BC),-*(HL)« 

HL,-1-HU 

Br-l-*Br 

Cr-*A«~A7 

Br-*A|-Aii 


X I 


X X 


1 X 

*6 




INDR 


11 101 101 
10 111 010 










D 




S 


2 


14(Br*0) 
12{Br=0) 


( (BC),^(HL)„ 
Q HL,-1-*HL, 

lBr-l-*Br 
Repeat Q until 
Br=0 

Cr-»A.-A, 
Br-»A,~A,, 


X s 
*s 


X X 


1 X 

«6 




INI 


11 101 101 
10 100 010 










D 




S 


2 


12 


{BC),-(HL)„ 

HU+l-HL, 

Br-l-Br 

Cr-*A.~A, 

Br-A,-A,, 


X I 


X X 


I X 

*6 




INIR 


11 101 101 
10 110 010 










D 




S 


2 


14(Br*0) 
12{Br=0) 


1 (BC),^(HL)„ 
Q HU+l-HL, 

IBr-l-Br 
Repeat Q until 
Br=0 

Cr-Ao-A, 
Br-*A,-A« 


X s 


X X 


I X 



*5 z=i : Br- 1=0 (Continued) 

Z = : Br-l^O ^ 
*6 N = 1 : MSB of Data = 1 
N = : MSB of Data = 
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Operation 
name 



Addressing 
IND I REG I REGi 



Bytes 



Operation 



Flag 



S Z H P/V N C 



OUTPUT 



OUT {m).A 



OUT (O* 



OUTO (m)^ 



OTDM 



OTIM 



11 101 101 
01 K 001 



11 101 101 
00 g 001 



11 101 101 
10 001 Oil 



11 101 101 
10 Oil Oil 



11 101 101 
10 111 oil 



11 101 101 
10 100 oil 



11 101 101 
10 110 oil 



11 101 101 
01 110 100 



11 101 101 
10 000 oil 



11 101 101 
10 010 oil 



11 101 101 

10 101 on 



16(Br*0) 
U(Br=0) 



U(Br*0) 
12(Br=0) 



14(Br*0) 
12(Br=0) 



16(Br*0) 
14(Br=0) 



Ar-(Am), 

in-»A»~AT 

Ar-A,~A„ 

gr-(BC), 

Cr-*A,~A, 

Br-* A, -A,, 

gr-(OOm), 

m-*A«~A, 

0O-A,~A„ 

(HL)m-(OOC), 

HU-HHU 

Cr-HCr 

Br-l-Br 

Cr-A,~A, 

00-A,~A„ 

(HL)m-(OOC), 

HU-HHU 

Cr-l-*Cr 

Br-l-Br 
Repeat Q until 
Br=0 

Cr-*A.~A, 
00-A,~A„ 

[ (HL)h-(BC), 
Q HU-HHU 

iBr-l-Br 
Repeat Q until 
Br=0 

Cr-A.~A, 

Br-»A,~A., 

(HL)m-*(BC), 

HU+HHL, 

Br-l^Br 

Cr-A.~A, 

Br-A,~A.. 

( (HL)m-(BC), 
Q yU+l-HU 

iBr-l-*Br 
Repeat Q until 
Br=0 

Cr-A.~A, 
Br-A.~A„ 
(00C),-m 
Cr-A.~A, 
00-A,~A„ 
{HL)«-*(OOC), 
HU+l-HL, 
Cr+HCr 
Br-l-Br 
Cr-A.--A, 
00-A,~A„ 
(HL)m-*(OOC), 

Cr+l-*Cr 
Br-l-*Br 

Repeat Q until 

Br=0 

Cr-^A.~A, 

OO-A.-A,, 

(HL)m-(BC), 

HU-HHL. 

Br-l-Br 

Cr-A,~A, 

Br-A.~A,. 



1 1 1 P 1 1 



X S X X I X 



X I X X 1 X 



X S X X 1 X 



I 1 1 p 1 I 



R S R S 1 R 



X I X X 1 X 



♦7 Z = 1 : Br - 1 = 
Z = : Br - 1 9t 

*8 N = 1 : MSB of Data = 1 
N = : MSB of Data = 
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• Special Control Instructions 



Operation 
name 


MNEMONICS 


OP code 


Addressing 


Bytes 


States 


Operation 


Flag 


7 6 4 2 1 


IMMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 


S Z H P/V N C 


Special 
Function 


DAA 


00 100 111 












S/D 




1 


4 


Decimal 
Adjust 

Accumulator 


1 1 I P • I 


Carry 
Control 


CCF 
SCF 


00 111 111 
00 110 111 
















1 
1 


3 
3 


C-C 
1-C 


• • R • R I 

• • R • R S 


CPU 
Control 


DI 
EI 

HALT 
IMO 

IMl 

IM2 

NOP 
SLP 


11 110 Oil 
11 111 oil 
01 110 110 
11 101 101 
01 000 110 
11 101 101 
01 010 110 
11 101 101 
01 oil 110 
00 000 000 
11 101 101 

01 110 no 
















1 
1 
1 
2 

2 

2 

1 

2 


3 
3 
3 
6 

6 

6 

3 
8 


0- IEF,. 0-»IEF, *9 

1- *IEF,. 1-»IEF, ♦« 
CPU halted 
Interrupt 

modeO 

Interrupt 

mode 1 

Interrupt 

mode2 

No operation 

Sleep 





*9 No interrupts are sampled at the end of a DI or EI instruction. 
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■ Alphabetical List of Instructions 



MNEMONICS 


Bytes 


Machine Cycles 


States 


Anr A m 


2 



L 


o 


ADC A ir 


I 


2 


4 


ADC A (HL) 


I 


2 


5 


ADC A (IX +d) 


3 


5 


14 


ADC A (lY + d) 


3 


5 


14 


ADD A m 


2 


2 


6 


ADD A, g 


1 


2 


4 


ADD A, (HL) 


1 


2 


6 


ADD A, (IX +d) 


3 


6 


14 


ADD A, (lY+d) 


3 


6 


14 


ADC HL WW 


2 




10 


ADD HT WW 


I 


5 


7 


ADD TX vv 



L 


u 


10 


ADD lY vv 


2 


g 


10 


AND m 


2 


2 


5 


AND 




2 


4 


AND (HL) 


1 


2 


6 


AND (IX4-d) 


3 


6 


14 


AND (lY+d) 


3 


6 


14 


BIT b (HL) 


2 


3 


9 


BIT b (IX+d) 


4 


5 


15 


BIT b (lY + d) 


4 


5 


15 


BIT b g 


2 


2 


6 


CALL f mn 


3 


2 


6 








(If condition is false) 




3 


6 


16 








(If condition is true) 


CALL inn 


3 


6 


16 


CCF 


1 


1 


3 


CPD 


2 


6 


12 


CPDR 


2 


B 


14 








(If BCr=^0 and Ar^ (HL)m) 




2 


6 


12 








(If BCR = Oor Ar=(HL)M) 


CP(HL) 


1 


2 


6 


CPI 


2 


6 


12 


CPIR 


2 


8 


14 








(If BCu^O and Ar:^(HL)M) 
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mNEMUrilKJo 


Bytes 


Machine Cycles 


Qf of AC 


CPIR 


2 


6 


12 

(If BCR=Oor Ar=(HL)M) 


CP (IX +d) 


3 


6 


14 


CP (lY+d) 


3 


6 


14 


CPL 


1 


1 


3 


CPm 


2 


2 


6 


CPg 


1 


2 


4 


DAA 


1 


2 


4 


DEC (HL) 


1 


4 


10 


DEC IX 


2 


3 


7 


DECIY 


2 


3 


7 


DEC (IX -fd) 


3 


8 


18 


DEC (lY+d) 


3 


8 


18 


DECg 


1 


2 


4 


DEC WW 


1 


2 


4 


DI 


1 


1 


3 


DJN2 j 


2 


5 


9(lf Br^O) 




2 


3 


7(If Br=0) 


EI 


1 


1 


3 


EXAF, AP 


1 


2 


4 


EXDE, HL 


1 


1 


3 


EX (SP), HL 


1 


6 


16 


EX (SP). IX 


2 


7 


19 


EX (SP). lY 


2 


7 


19 


EXX 


1 


1 


3 


HALT- 


1 


1 


3 


IMO 


2 


2 


() 


IM 1 


2 


2 


6 


IM 2 


2 


2 


6 


INCg 


1 


2 


4 


INC (HL) 


1 


4 


10 


INC (IX -fd) 


3 


8 


18 


INC (lY+d) 


3 


8 


18 


INC WW 


1 


2 


4 


INC IX 


2 


3 


7 


INC lY 


2 


3 


7 


IN A (m) 


2 


3 


9 


IN g. (C) 


2 


3 


9 


INI 


2 


4 


12 


INIR 


2 


() 


14 (If Br/O) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


INIR 


2 


4 


12 (If Br=0) 


IND 


2 


4 


12 


INDR 


2 


6 


14 (If Brqto) 




2 


4 


12(If Br=0) 


INO g, (m) 


3 


4 


12 


JPf, mn 


3 


2 


6 








(If f is false) 




3 


3 


9 








(If f is true) 


JP (HL) 


1 


1 


3 


JP (IX) 


2 


2 


6 


JP (lY) 


2 


2 


6 


JP mn 


3 


3 


9 


JRj 


2 


4 


8 


JRC, j 


2 


2 


6 








(If condition is false) 




2 


4 


8 








(If condition is true) 


JRNC, j 


2 


2 


6 








(If condition is false) 




2 


4 


8 








(If condition is true) 


JRZ, j 


2 


2 


6 








(If condition is false) 




2 


4 


8 








(If condition is true) 


JR NZ, j 


2 


2 


6 








(If condition is false) 




2 


4 


8 








(If condition is true) 


LD A, (BC) 


1 


2 


6 


LD A, (DE) 


1 


2 


6 


LD A, I 


2 


2 


6 


LD A, (mn) 


3 


4 


12 


LDA, R 


2 


2 


6 


LD (BC), A 


1 


3 


7 






4 


12 


LD (DE), A 


1 


3 


7 


LD WW, mn 


3 


3 


9 


LD WW, (mn) 


4 


6 


18 
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oy ico 


iVlaCIUIlC v^ycico 


Ststss 


LDDR 


2 


6 


14 (If BCr^O) 




2 


4 


12 (If BCr = 0) 


LD (HL), m 


2 


3 


9 


LD HL, (mn) 


3 


5 


15 


LD (HL), g 


1 


3 


7 


LDI 


2 


4 


12 


LD I, A 


2 


2 


6 


LDIR 


2 


6 


14 (If BCr^O) 




2 


4 


12 (If BCk = 0) 


T TV 

LD lA, mn 


4 


4 


12 


LD IX, (mn) 


4 


6 


18 


LD (IX-f-d), m 


4 


5 


15 


LD (IX +d), g 


3 


7 


15 


LD lY, mn 


4 


4 


12 


LD lY, (mn) 


4 


6 


18 


LD (lY+d), m 


4 


5 


15 


LD (lY+d), g 


3 


7 


15 


LD (mn), A 


3 


5 


13 


LD (mn), ww 


4 


7 


19 


LD (mn), HL 


3 


6 


16 


LD (mn), IX 


4 


7 


19 


LD (mn), lY 


4 


7 


19 


LD R, A 


2 


2 


6 


LD g, (HL) 


1 


2 


6 


T 'Pv /TV 1 J\ 

LD g, (IX +d) 


3 


6 


14 


LD g, (lY+d) 


3 


6 


14 


LD g, m 


2 


2 


6 


LDg, g' 


1 


2 


4 


LD SP, HL 


1 


2 


4 


LD SP, IX 


2 


3 


7 


LD SP, lY 


2 


3 


7 


MLT WW 


2 


13 


17 


NEG 


2 


2 


6 


NOP 


1 


1 


3 


OR (HL) 


1 


2 


6 


UK ilA-rdj 


3 


6 


14 


OR (lY+d) 


3 


6 


14 


OR m 


2 


2 


6 


ORg 


1 


2 


4 


OTDM 


2 


6 


14 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


OTDMR 


2 


8 


16 (If Br=^0) 




2 


6 


14 (If Br = 0) 


OTDR 


2 


6 


14 (If Br^O) 




2 


4 


12 (If Br = 0) 


OTIM 


2 


6 


14 


OTIMR 


2 


8 


16 (If Br=^0) 




2 


6 


14 (If Br = 0) 


OTIR 


2 


6 


14 (If Br^O) 




2 


4 


12 (If Br = 0) 


OUTD 


2 


4 


12 


OUTI 


2 


4 


12 


OUT (m), A 


2 


4 


10 


OUT (C), g 


2 


4 


10 


OUTO (m), g 


3 


5 


13 


POP IX 


2 


4 


12 


POP lY 


2 


4 


12 


POP zz 


1 


3 


9 


PUSH IX 


2 


6 


14 


PUSH lY 


2 


6 


14 


PUSH zz 


1 


5 


11 


RESb, (HL) 


2 


5 


13 


RESb, (IX +d) 


4 


7 


19 


RESb, (lY+d) 


4 


7 


19 


RESb, g 


2 


3 


7 


RET 


1 


3 


9 


RET f 


1 


3 


5 








(If condition is false) 




1 


4 


10 








(If condition is true) 


RETI 


2 


10 


22 


RETN 


2 


4 


12 


RLA 


1 


1 


3 


RLCA 


1 


1 


3 


RLC (HL) 


2 


5 


13 


RLC (IX +d) 


4 


7 


19 




4 


/ 


ly 


RLCg 


2 


3 


7 


RLD 


2 


8 


16 


RL (HL) 


2 


5 


13 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


RL (IX +d) 


4 


7 


19 


RL (lY+d) 


4 


7 


19 


RLg 


2 


3 


7 


RRA 


1 


I 


3 


RRCA 


1 


1 


3 


RRC (HL) 


2 


5 


13 


RRC (IX +d) 


4 


7 


19 


RRC (lY+d) 


4 


7 


19 


RRCg 


2 


3 


7 


RRD 


2 


8 


16 


RR (HL) 


2 


5 


13 


RR (IX +d) 


4 


7 


19 


RR (lY+d) 


4 


7 


19 


RRg 


2 


3 


7 


RST V 


1 


5 


11 


SBC A, (HL) 


1 


2 


6 


SBC A, (IX +d) 


3 


6 


14 


SBC A, (lY+d) 


3 


6 


14 


SBC A, m 


2 


2 


6 


SBC A, g 


1 


2 


4 


SBC HL, WW 


2 


6 


10 


SCF 


1 


1 


3 


SETb, (HL) 


2 


5 


13 


SETb, (IX +d) 


4 


7 


19 


SETb, (lY+d) 


4 


7 


19 


SETb, g 


2 


3 


7 


SLA (HL) 


2 


5 


13 


SLA (IX +d) 


4 


7 


19 


SLA (lY+d) 


4 


7 


19 


SLAg 


2 


3 


7 


SLP 


2 


2 


8 


SKA (HL) 


2 


!) 


l.'i 


SRA (IX +d) 


4 


7 


19 


SRA (lY+d) 


4 


7 


19 


SRAg 


2 


3 


7 


SRL (HL) 


2 


5 


13 


SRL (IX +d) 


4 


7 


19 


SRL (lY+d) 


4 


7 


19 


SRLg 


2 


3 


7 


SUB (HL) 


1 


2 


6 
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MNEMONICS 


Bytes 


Machine Cycles 


Stated 


SUB (IX +d) 


3 


6 


14 


SUB (lY+d) 


3 


6 


14 


SUBm 


2 


2 


6 


SUBg 


1 


2 


4 


TSTIO m 


3 


4 


12 


TST g 


2 


3 


7 


TST m 


3 


3 


9 


TST (HL) 


2 


4 


10 


XOR (HL) 


1 


2 


6 


XOR (IX + d) 


3 


6 


14 


XOR ClY+d) 


3 


6 


14 


XORm 


2 


2 


6 


XORg 


1 


2 


4 
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■ Opcode Maps 



Table 1. Opcode Map (1) 



First opcode 
Instruction fonnat: XX 











ww(LO 


= ALL) 




















L0= 


0-7 














BC 


DE 


HL 


SP 


















BC 


DE 


HL 


AF 


zz 












g (LQ: 


= 0-7) 














NZ 


NC 


PC 


P 


f 










B 


D 


H 


(HL) 


B 


D 


H 


(HL) 










OOH 


10H 


20H 


30H 


V 








HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


nil 








LO 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 






B 


0000 





NOP 


DJNZj 


JRNZ,j 


JR NC.j 


















RET f 







C 


0001 


1 


LD WW, mn 








*i 










POP zz 


1 




D 


0010 


2 


LD(ww), A 


LD(mn) 


LD(mn) 


















JP f, mn 


2 














.HL 


,A 


















JP mn 


OUT(m) 


EX(SP) 


Dl 


3 




E 


0011 


3 




INC 


WW 




LD g.s 




ADD A 


SUB s 


AND s 


OR s 




,A 


,HL 








H 


0100 


4 




INC g 














,s 








CALL f, mn 


4 


1 

.—1 


L 


0101 


5 




DEC g 




















PUSH zz 


5 


-J 


(HL) 


0110 


6 


LD g,m 






♦ 2 




HALT 


*2 


*2 


*2 


*2 


ADDA,(n SUBm|ANDm OR m 


6 


ii 


A 


0111 


7 


RLCA 


RLA 


DAA 


SCF 












RST V 


7 


X 


B 


1000 


8 


D(AF.AP 


JR j 


JRZ,j 


JR C,j 


















RET f 


8 




C 


1001 


9 


ADD HL, WW 


















RET 


EXX 


JP (HL) 


LDSP. 


9 


CO 


D 


1010 


A 


LD A, (ww) 


LD HL 


LD A, 
























HL 














im) 


(mn) 


















JP f,mn 


A 




E 


1011 


B 


DEC WW 




LD 






ADO A 


SBC A 


XOR s 


CP s 


Table 2 IN A, (m) 


D(DE.HL 


El 


B 




H 


1100 


C 


INC g 










.s 


,s 






CALL f,mn 


C 




L 


1101 


D 


DEC g 


















CALLim 


♦ 3 


Table 3 


*3 


D 




(HL) 


1110 


E 




LD 


g, m 




♦ 2 


*2 


♦ 2 


*2 


♦ 2 


ADCA,in 


SBCA,in 


XOR m 


CP m 


E 




A 


1111 


F 


RRCA 


RRA 


CPL 


CCF 












RST V 


F 













1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 












C 


E 


L 


A 


C 


E 


L 


A 










Z 


C 


PE 


M 


f 














g(LO = 


8~F) 
















08H 


18H 


28H 


38H 


V 




































L0= 


8~F 







HD64180S 



* 1 g is replaced by (HL). 
*2 s is replaced by (HL). 

*3 If DD is added to the beginning of an opcode (DD XX), only the instructions having HL, (HL) as an operand are 
replaced with 



1(HL) ~> (DC + d)] 

to perform the same operation. 
(Example) 

22H; LD (mn), HL 

DDH 22H; LD (mn), IX 

If FD is added to the beginning of the opcode (FD XX), it is replaced by 



1 (HL) -> aY + d)J 

to perform the same operation. 
(Example) 

34H; DSrC (HL) 

FDH 34H; INC (lY + d) 

As an exception, when DDH, FDH is added to the beginning of JP (HL) of E9H, (HL) is replaced by (DC), (lY). 
If DDH, FDH is added to the beginning of EX DE, HL of EBH, HL is not replaced. It becomes an undefined 
instruction. 



HL IX 
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Table 2. Opcode Map (2) 



Second opcode 




















b (L0 = 


= 0-7) 












instraction lonnat: l-baa 











2 


4 


6 





2 


4 


6 





2 


4 


6 










HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 








LO 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 






e 


0000 










































c 


0001 


1 


































1 




D 


0010 


2 


































2 




E 


0011 


3 


































3 




H 


0100 


4 


RLOg 


RL g 


SLAg 






BIT b.g 






RES b,g 






SET b.g 




4 


ALL] 


L 


0101 


5 


































5 


(HL) 


0110 


6 


* 


* 


* 




* 


* 




6 


II 


A 


0111 


7 
















7 


X 


B 


1000 


8 


































8 




C 


1001 


9 


































9 




D 


1010 


A 


































A 




E 


1011 


B 


































B 




H 


1100 


C 


RROg 


RR g 


SRAg 


SRLg 




BIT b.g 






RES b.g 






SET b.g 




C 




L 


1101 


D 


































D 




(HL) 


1110 


E 


* 


* 


* 


* 










* 


* 


E 




A 


1111 


F 
















F 













1 


2 


3 


A 


5 


6 


7 


8 


9 


A 


B 


e 


D 


E 


F 




















1 


3 


5 


7 


1 


3 


5 


7 


1 


3 


5 


7 




























b 


(L0= 


= 8-F) 













* In the instruction to be executed, DDH can be added to the beginning of the opcode and (HL) is replaced by (IX + d) in 
opcode DD CB d XX. In the same way, FDH can be added to the beginning of the opcode. In the instruction to be 
executed, (HL) is replaced by (IY+ d) in opcode FD CB d XX. 



Table 3. Opcode Map (3) 



> 

3 



Second opcode 
Instraction format: ED XX 



LO 



HI 



WW (LO=ALL) 



BC 



B 



0000 



0001 



1 



g (L0=0~7) 



H 



0010 



0011 



B 



0100 



DE HL SP 



D 



0101 



H 



0110 



0111 



1000 1001 1010 1011 1100 1101 1110 1111 



8 



B 



w 



0000 



0001 



0010 



0011 



0100 



0101 



0110 



0111 



1000 



1001 



1010 



1011 



1100 
1101 
1110 

1111 



2_ 
3 



6_ 
7 



8 



_A_ 
B 



D_ 
F 



INO g. (m) 



OUTO (m),g 



IN g. (0) 



LDI 



LDIR 



OUT (C),g 



CPI 



CPIR 



SBC HL,ww 



LD (mn),ww 



TST g 



TST(tt) 



NEG 



RETN 



IM 



INO g, (m) 



TST m TSTIOm 



INI 



INIR 



OTIM OTIMR 



OUTI 



OTIR 



IM 1 



LDI,A LDAI 



RRD 



IN g, (C) 



SLP 



OUTO (m).g 



OUT (C).g 



ADO HL,ww 



LD WW, (mn) 



TST g 



MLT WW 



OTDM OTDMR OUTD 



LDD 



CPD 



IND 



LDDR 



CPDR 



INDR 



OTDR 



RETI 



LOaA 



IM 2 
LDAR 



RLD 



B 



g (L0=8-F) 



B 



CO 



HD64180S 



■ Bus Cycle States 



in the ADDRESS column indicates that the address output is undefined and 'Z' in the DATA 
column indicates that the data pin is in the high-impedance state. The LIR pin output value is 
obtained when the LIRE bit in the operation mode control register is 1. 



hmliiiulion 


Machine 
Cycle 


Sintnn 


ADDnnss 


DATA 


nn 


wn 


MP 


lor 


i-in 


HAI-T 


ST 


ADD HL.WW 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MC2 

~MCr, 


TiTiTiTi 


* 


Z 


1 


1 


1 


1 


1 


1 


1 


ADD IX,xx 
ADD IY,yy 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 





1 





1 





MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 


MCa 
-MCe 


TiTiTiTi 


* 


Z 


1 


1 


1 


1 


1 


1 


1 


ADC HL,ww 
SBC HL,ww 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 





1 





1 





MC2 


TiT2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


1 


MCa 
-MCe 


TiTiTiTi 


* 


Z 


1 


1 


1 


1 


1 


1 


1 


ADD A,g 
ADC A,g 
SUB g 
SBC A.g 
AND g 
ORg 
XOR g 
CP g 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 





1 





1 





MCa 


Ti 


* 


Z 


1 


1 


1 


1 


1 


1 


1 


ADD A,m 
ADC A.m 

CI IR m 

SBC A,m 
AND m 
OR m 
XORm 
CPm 


Mv*i 


1 1 1 2 1 3 


1 St op-code 
Address 


1st 

op-code 


u 


1 


r\ 

u 


1 


u 


1 
1 


u 


MC2 


T1T2T3 


1 St onArand 

Address 


m 





1 





1 


1 


1 


1 


ADD A, (HU 
ADC A, (HU 
SUB (HU 
SBC A, (HU 
AND (HU 
OR (HU 
XOR (HU 
CP (HU 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 





1 





1 





MC2 


T1T2T3 


HL 


DATA 





1 





1 


1 


1 


1 


ADD A. (IX+d) 
ADD A, (lY+d) 
ADC A. (IX+d) 
ADC A, OY+d) 
SUB (IX+d) 
SUB (lY+d) 
SBC A. (IX+d) 


MCi 


TiTzTs 


1st op-code 
Address 


1st 

op-code 





1 





1 





1 





MC? 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 





1 





1 


■ 1 
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instaiction 


Machine 
Cycle 


States 


ADDRESS 


DATA 














ST 


RD 


WR 


ME 


lOE 


UR 


HALT 


SBC A, (lY+d) 
AND (IX+d) 
AND (lY+d) 
OR (IX-f d) 
OR (lY+d) 
XOR (IX+d) 
XOR (lY+d) 
CP (IX+d) 
CP (lY+d) 


MCa 


T1T2T3 


1st operand 
Address 


d 












1 




1 


MC4 

-MCs 


TiTi 


* 


Z 


1 




1 




1 




1 


MCe 


T1T2T3 


IX+d 
lY+d 


DATA 












1 




1 


BIT b.g 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


BIT b. (HL) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


HL 


DATA 












1 




1 


Dl 1 D, \IA I Ol 

BIT b. (lY+d) 


MCi 


T1T2T3 


Address 


1st 

op-code 




















MCa 


T1T2T3 


Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1 St operand 
Address 


d 












1 




1 


MC4 


TiT2T3 


OlO Op-CvAJC 

Address 


3rd 

op-code 

















1 


MCs 


T1T2T3 


IX+d 
lY+d 


DATA 












1 




1 


CALL mn 


MCi 


T1T2T3 


Address 


1st 

op-code 




















MC2 


TiT2T3 


1 St operand 
Address 


n 












1 




1 


MCa 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


MC4 


Ti 


* 


Z 


1 




1 




1 




1 


MCs 


T1T2T3 


SP-1 


PCH 


1 










1 




1 


MCe 


T1T2T3 


SP-2 


PCL 


1 










1 




1 


CALL f,mn 
(If condition 
is false) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





1 















MCz 


T1T2T3 


1st operand 
Address 


n 





1 







1 




1 
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hfistniction 


Machine 
Cyde 


States 


ADDRESS 


DATA 














ST 


RD 


WR 


ME 


iOE 


LIR 


HALT 


CALL f,mn 
(If condition 
is taie) 


MCi 


T1T2T3 


Address 


1st 

op-code 





1 















MC2 


T1T2T3 


1 ct nnArAnH 

Address 


n 





1 













MC3 


T1T2T3 


2nd operand 
Address 


m 





1 













MC4 


Ti 


* 


Z 


1 


1 


1 










MCs 


T1T2T3 


SP-1 


PCH 


1 
















MCe 


T1T2T3 


SP-2 


PCL 


1 
















CCF 


MCi 


T1T2T3 


1 st op~code 
Address 


1st 

op-code 





1 





1 





1 





CPI 
CPD 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





^ 















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCs 


TiTzTs 


HL 


DATA 












1 




1 


MC4 
-MCe 


TiTiTi 


* 


Z 


1 




1 




1 




1 


CPIR 
CPDR 

(If BCn=5fcO and 
Ar:!fc(HLy 


MCi 


T1T2T3 


Address 


1st 

op-code 




















MC2 


TiT2T3 


Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


HL 


DATA 












1 




1 


MC4 

~MC« 


TiTiTiTiTi 


* 


Z 


1 




1 




1 




1 


CPIR 
CPDR 

(If BCR=Oor 
Ar=(HUM) 


MCi 


TiT2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


HL 


DATA 












1 




1 


MC4 
-MCe 


TiTiTi 


* 


Z 


1 




1 




1 




1 


CPL 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















DAA 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


Ti 


* 


Z 


1 




1 




1 




1 


DI»l 


MCi 


TiT2T3 


1 st op-code 
Address 


1st 

op-code 





















*1 No interrupts are sampled at the end of a Dl instruction. (Continued) 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


iOE 


LIR 


HALT 


ST 


DJNZ j 
(If Br^O) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


Ti*2 


* 


Z 


1 




1 




1 




1 


MC3 


T1T2T3 


1 St operand 
Address 


j-2 












1 




1 


MC4 

~MCs 


TiTi 


* 


Z 


1 




1 




1 




1 


DJNZ j 
(If Br=0) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


Ti'^ 


* 


Z 


1 




1 




1 




1 


MC3 


T1T2T3 


1st operand 
Address 


j-2 












1 




1 




MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















EX DE, HL 
EXX 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















EX AF. AF' 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


Ti 




Z 


1 




1 




1 




1 


cA lor), ML 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


SP 


DATA 












' 




1 


MC3 


T1T2T3 


SP+1 


DATA 





1 





1 


1 


1 


1 


MC4 


Ti 


* 


Z 


1 


1 


•1 


1 


1 


1 


1 


MCs 


T1T2T3 


SP+1 


H 


1 














1 


MCe 


TiT*.T3 


SP 


L 


1 










' 




1 


EX (SP).IX 
EX {SP),IY 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


SP 


DATA 












1 




1 


MC4 


TiT2T3 


SP+1 


DATA 












1 




1 


MCs 


Ti 


* 


Z 


1 




1 




1 




1 



(Continued) 

*2 DMA, refresh, and bus release cannot be executed immediately after this state (their requests are ignored). 



*3 No interrupts are sampled at the end of an El instruction. 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


EX (SP), IX 
EX (SP), lY 


MCe 


T1T2T3 


SP+1 


IXH 
lYH 


1 










1 




1 


MC7 


T1T2T3 


SP 


IXL 
lYL 


1 










1 




1 


HALT 


MCi 


T,T2T3 


1 St op-code 
Address 


1st 

op-code 
























Next op-code 
Address 


Next 
op-code 




















IMO 
IM 1 
IM 2 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T,T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


INCg 
DECg 


MCi 


TiTsTs 


1st op-code 
Address 


1st 

op-code 




















MC2 


Ti 


* 


Z 


1 




1 




1 


\ 


1 


INC (HU 
DEC (HL) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 










} 





^ „™ 





MC2 


T1T2T3 


HL 


DATA 












1 




1 


MC3 


Ti 


* 


Z 


1 




1 




1 




1 


MC4 


T1T2T3 


HL 


DATA 


1 









1 




1 


INC (IX+d) 
INC(IY+d) 

DEC (IX+-d) 
DEC (lY-f-d) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 





^ - 










-J — 





MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1st operand 
Address 


d 












1 




1 


MC4 

-MCs 


TiTi 


* 


Z 


1 




1 




1 




1 


MCe 


T1T2T3 


IX-f d 
lY+d 


DATA 












1 




1 


MC7 


Ti 


* 


Z 


1 




1 




1 




1 


MCa 


T1T2T3 


IX+d 
lY+d 


DATA 


1 









1 




1 


INC WW 
DEC WW 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


TI 


* 


Z 


1 




1 




1 




1 


INC IX 
INC lY 
DEC IX 
DEC lY 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-dode 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


Ti 


* 


Z 


1 




1 




1 




1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 




ME 


lOE ' 


UR 




ST 


WR 


HALT 


IN A,(m) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MCz 


T1T2T3 


1 St operand 
Address 


m 










1 


1 




1 


MCs 


T1T2T3 


m to Ao~A7 
A to A8~Ai6 


DATA 







1 





1 




1 


IN g.(C) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MCs 


T1T2T3 


EC 


DATA 







1 





1 




1 


INO g.(m) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MCs 


T1T2T3 


1 St operand 
Address 


m 










1 


1 




1 


MC4 


T1T2T3 


m to Ao~A7 
OOH to A8~Ai5 


DATA 







1 





1 




1 


INI 
IND 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MCa 


T1T2T3 


BC 


DATA 







1 





1 




1 


MC4 


T1T2T3 


HL 


DATA 


1 







1 


1 




1 


INIR 
INDR 
(If Br=5fcO) 


MCi 


T1T2TS 


1 St op-code 
Address 


1st 

op-code 





^ 





1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MCa 


T1T2T3 


BC 


DATA 







1 





1 




1 


MC4 


T1T2T3 


HL 


DATA 


1 







1 


1 




1 


MCs 
-MCe 


TiTi 


* 


Z 


1 




1 


1 


1 




1 


INIR 
INDR 
(If Br=0) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MCs 


T1T2T3 


BC 


DATA 







1 





1 




1 


MC4 


T1T2T3 


HL 


DATA 


1 








1 


1 




1 
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Instruction 


Machine 
Cycle 


States 




DATA 














ST 


RO 


WR 


ME 


lOE 


UR 


HALT 


JP mn 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MCz 


T1T2T3 


1 st operand 
Address 


n 












1 




1 


MC3 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


JP f.mn 
(tf f is false) 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1 St operand 
Address 


n 












1 




1 


JP f.mn 
(If f is true) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1 st operand 
Address 


n 












1 




1 


MC3 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


JP (HL) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 





— 
















JP (IX) 
JP (lY) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


JRj 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MCa 


T1T2T3 


1 st operand 
Address 


j-2 












1 




1 


MC3 
~MC4 


TiTi 


* 


Z 


1 




1 




1 




1 


JR Cj JR NCj 
JR Zj JR NZj 
Of condition 
is false) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 





.1 















MC2 


T1T2T3 


1 st operand 
Address 


J-2 












1 




1 


JR Cj JR NCj 
JR 2,j JR NZj 
(If condition 
is true) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1 st operand 
Address 


j-2 












1 




1 


MC3 
~MC4 


TiTi 


* 


Z 


1 




1 




1 




1 


LD g,g' 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MCa 


Ti 


* 


Z 


1 




1 




1 




1 


LD g,m 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MCa 


T1T2T3 


1 st operand 
Address 


m 












1 




1 



(Continued) 
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Instruction 


Machine 
Cycle 


States 


AUUncbo 


DATA 


RD 


WR 


ME 


lOE 




MALI 


ST 


LD g, (HU 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


HL 


DATA 












1 




1 


LOg. (IX+d) 
LD g. (lY+d) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 





— 












1 


MCa 


T1T2T3 


1 St operand 
Address 


d 





— 







1 




1 


MC4 
—MCs 


TiTi 


* 


Z 


1 


— 


1 




1 




1 


MCe 


T1T2T3 


IX+d 
lY+d 


DATA 







Q 




•J 




^ 


LD (HU.g 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















MCz 


Ti 


* 


Z 


1 




1 




1 




1 


MCs 


T1T2T3 


HL 


g 


1 









1 




1 


LD {IX+d).g 
LD {IY+d),g 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1 St operand 
Address 


d 












1 




1 


MC4 
-MCe 


TiTiTi 


* 


Z 


1 




1 




1 




1 


MC7 


T1T2T3 


IX+d 
lY+d 


g 


1 









1 




1 


LD (HU,m 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1 St operand 
Address 


m 





— 







1 




1 


MC3 


T1T2T3 


HL 


DATA 


1 









1 




1 


LD (IX+d),m 
LD (IY+d),m 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1 st operand 
Address 


d 












1 




1 


MC4 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


MCs 


T1T2T3 


IX+d 
lY+d 


DATA 


1 










1 




1 


LD A, (BC) 
LD A. (DE) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 





1 
















(Continued) 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 




lOE 


m 


■halt 


ST 


LD A, (BC) 
LD A, (DE) 


MC2 


T1T2T3 


BC 
DE 


DATA 












1 




1 




MCi 


TiT2Ta 


1 St op-code 
Address 


1st 

op-code 




















LD A.(mn) 


MC2 


T1T2T3 


1 St operand 
Address 


n 












1 




1 


MC3 


T1T2T3 


2nd operand 

AHHrAcc 














1 




1 


MC4 


T1T2T3 


mn 


DATA 












1 




1 


LD (BC),A 
ID (DE).A 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


Ti 




Z 


1 




1 




1 




1 


MCa 


T1T2T3 


BC 
DE 


A 


1 









1 




1 


LD (mn).A 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1 St operand 
Address 


n 












1 




1 


MCa 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


MC4 


Ti 


* 


Z 


1 




1 




1 




1 


MCs 


T1T2T3 


mn 


A 


1 









1 




1 


LDA,I *4 
LD A,R*4 
LD l,A 
LD R,A 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










— 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


LD WW, mn 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 




















Muz 


T1T2T3 


1 St operand 
Address 


n 












1 




1 


MC3 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


LD IX,mn 
LD lY.mn 


MCl 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


1 st operand 
Address 


n 












1 




1 


MC4 


T1T2T3 


2nd operand 
Address 


m 












1 




1 


LD HL, (mn) 


MCl 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1st operand 
Address 














1 




1 



*4 No interrupts are sampled at the end of a LD A, I or LD A, R instruction. (Continued) 
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Instruction 


Machine 
Cycle 


Stntns 


ADDRESS 


DATA 


m 


wn 








HALT 


ST 


LD HL. (mn) 


MC3 


TiTaTa 


2nd operand 
Address 


m 












1 






MC4 


T,T2T3 


mn 


DATA 












1 






MCs 


T1T2T3 


mn+ 1 


DATA 












1 






LD ww,(mn) 


MC, 


TiTsTa 


1st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


T1T2T3 


1 st operand 
Address 


n 












1 






MC4 


T1T2T3 


2nd operand 
Address 


m 












1 






MCs 


T1T2T3 


mn 


DATA 












1 






MCe 


T1T2T3 


mn+ 1 


DATA 












1 






LD IX.(mn) 
LD IY,(mn) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


T1T2T3 


1 St operand 
Address 


n 












1 






MC4 


T1T2T3 


2nd operand 
Address 


m 












1 






MCs 


T1T2T3 


mn 


DATA 












1 






MCe 


T1T2T3 


mn+ 1 


DATA 












1 






LD (mn),HL 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


1 St operand 
Address 


n 












1 






MCs 


T1T2T3 


2nd operand 
Address 


m 












1 






MC4 


Ti 


* 


Z 


1 




1 




1 






MCs 


T1T2T3 


mn 


L 


1 










1 






MCs 


T1T2T3 


mn+ 1 


H 


1 










1 







(Continued) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 6 47 



HD64180S 



Instoiction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


tOE 


UR" 


HALT 


ST 


LD (mn),ww 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCs 


T1T2T3 


1 st operand 
Address 


n 
















1 


MC4 


T1T2T3 


2nd operand 
Address 


m 
















1 


MCs 


Ti 


* 


Z 


1 




1 








1 


MCe 


T1T2T3 


mn 


wwL 


1 














1 


MC/ 


T1T2T3 


mn+ 1 


wwH 


1 














1 


LD (mn).IX 
LD {mn).IY 


MCi 


TiT2Ta 


1 St op-code 
Address 


1st 

op-code 




















MC2 


TiTzTa 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 


T1T2T3 


1 St operand 
Address 


n 
















1 


MC4 


T1T2T3 


2nd operand 
Address 


m 
















1 


MCs 


Ti 


* 


Z 


1 




1 








1 


MCe 


T1T2T3 


mn 


IXL 
lYL 


1 














1 


MC7 


T1T2T3 


mn+ 1 


IXH 
lYH 


1 














1 


LD SP, HL 


MCi 


TiTjTa 


1 St op-code 
Address 


1st 

op-code 




















MCa 


Ti 


* 


Z 


1 




1 




1 




1 


LD SP,IX 
LD SP,IY 


MCi 


TiT2Ta 


1st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


Ti 


* 


Z 


1 




1 




1 




1 


LDI 
LDD 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


TiT2Ta 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


HL 


DATA 












1 




1 


MC4 


TiT2Ta 


DE 


DATA 


1 










1 




1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


i5e 


LIR 


HALT 


ST 


LDIR 
LDDR 
(If BCR=?fcO) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T.T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


HL 


DATA 












1 




1 


MC4 


T1T2T3 


DE 


DATA 


1 









1 




1 


MCs 
-MCe 


TiTi 


* 


Z 


1 




1 




1 




1 


LDIR 

LDDR 

(If BCr=0) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


HL 


DATA 












1 




1 


MC4 


T1T2T3 


DE 


DATA 


1 









1 




1 


MLT WW 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MC3 
~MCi3 


TiTiTiTi 
TiTiTiTi 
TiTiTi 


* 


Z 


1 




1 




1 




1 


NEG 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


NOP 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















OUT (m).A 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


1 St operand 
Address 


m 












1 




1 


MC3 


Ti 


* 


Z 


1 




1 




1 




1 


MC4 


T1T2T3 


m to Ao~A7 
A to As—Ais 


A 


1 





1 





1 




1 
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instmction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


OUT {C),g 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


Ti 


* 


Z 


1 




1 




1 






MC4 


T1T2T3 


BC 


g 


1 




1 




1 






OUTO (m),g 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 



















MCz 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MC3 


T1T2T3 


1 st operand 
Address 


m 












1 






MC4 


Ti 


* 


Z 


1 




1 




1 






MCs 


T1T2T3 


m to Ao—Ar 
OOH to A«— Ai5 


9 


1 




1 




1 






OTIM 
OTDM 


MCi 


T1T2T3 


1st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCa 


Ti 


* 


Z 


1 




1 




1 






MC4 


T1T2T3 


HL 


DATA 












1 






MC5 


T1T2T3 


C to Ao~A7 
OOH to As— Ai5 


DATA 


1 




1 




1 






MCe 


Ti 


* 


Z 


1 




1 




1 






OTIMR 
OTDMR 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 



















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 



















MCa 


Ti 


* 


Z 


1 




1 




1 






MC4 


T1T2T3 


HL 


DATA 












1 






MCs 


T1T2T3 


C to Ao~A7 
OOH to Aa~Ai5 


DATA 


1 





1 





1 






MCe 
-MCa 


TiTiTi 


* 


Z 


1 


1 


1 


1 


1 
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Instnjction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


OTIMR 
OTDMR 
(If Br=0) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MC3 


Ti 


* 


Z 


1 




1 


1 


1 




1 


MC4 


T1T2T3 


HL 


DATA 










1 


1 




1 


MCs 


T1T2T3 


C to Ao~A7 
OOH to Aa~Ai5 


DATA 


1 




1 





1 




1 


MCe 


Ti 


* 


Z 


1 




1 


1 


1 




1 


OUTI 
OUTD 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MC3 


T1T2T3 


HL 


DATA 










1 


1 




1 


MC4 


T1T2T3 


BC 


DATA 


1 




1 





1 




1 


OTIR 
OTDR 
(If Qr^O) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MC3 


T1T2T3 


HL 


DATA 










1 


1 




1 


MC4 


T,T2T3 


BC 


DATA 


1 




1 





1 




1 


MCs 
—MCe 


TiTi 


* 


Z 


1 




1 


1 


1 




1 


OTIR 
OTDR 
(If Br=0) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 










1 







1 


MC3 


T1T2T3 


HL 


DATA 










1 


1 




1 


MC4 


T1T2T3 


BC 


DATA 


1 




1 





1 




1 


POP zz 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 










MC2 


TiTzTa 


SP 


DATA 










1 


1 




1 


MC3 


T1T2T3 


SP-fl 


DATA 










1 


1 




1 


POP IX 
POP lY 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 










1 
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Instruction 


Machine 
Cycle 


States 


AUUncoo 


DATA 


nu 


VA/D 

Wn 


IVIt 


lUt 


1 ID 

Lin 


UAI T 


CT 


POP IX 
POP lY 


MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


SP 


DATA 












1 




1 


MC4 


T1T2T3 


SP+1 


DATA 












1 




1 


PUSH Z2 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 
~MC3 


TiTi 


* 


Z 


1 




1 




1 




1 


MC4 


T1T2T3 


SP-1 


zzH 


1 










1 




1 


MCs 


T1T2T3 


SP-2 


zzL 


1 










1 




1 


PUSH IX 
PUSH lY 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 












1 


MC3 
-MC4 


TiTi 


* 


Z 


1 


1 


1 




1 




1 


MCs 


T1T2T3 


SP-1 


IXH 
lYH 


1 










1 




1 


MCe 


T1T2T3 


SP-2 


IXL 
lYL 


1 










1 




1 


RET 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


SP 


DATA 












1 




1 


MC3 


T1T2T3 


SP+1 


DATA 












1 




1 


RETf 

(If condition 
is false) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 
~MC3 


TiTi 


* 


Z 


1 




1 




1 




1 


RETf 

(If condition 
is true) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


Ti 


* 


Z 


1 




1 




1 




1 


MCa 


T1T2T3 


SP 


DATA 












1 




1 


MC4 


T,T2T3 


SP-f 1 


DATA 












1 




1 


RETN 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MCa 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T.T^Ta 


SP 


DATA 












1 




1 


MC4 


T,T?T3 


SP+ 1 


DATA 












1 




1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


UR 


HALT 


ST 


RETI 


MCi 


T,T2T3 


1st op-code 
Address 


1st 

op-code 












0*5 
1 


1 







TiTzTa 


2nd op-code 
Address 


2nd 

op-code 










— 


*5 

1 


1 




MCa 
~MC5 


TiTiTi 


* 


Z 


1 




1 




1 *5 
1 


1 


— 


MCe 


T,T2T3 


1 St op-code 
Address 


1st 

op-code 












♦B 




1 




MCr 


Ti 


* 


Z 


1 




1 




1 *5 
1 


1 




MCa 


T,T2T3 


2nd op-code 
Address 


2nd 

op-code 












*5 




1 




MCa 


T,T2Ta 


SP 


data 












1 '5 
1 


1 




MCio 


T,T2T3 


SP+1 


data 












1 
1 


1 




RLCA 
RLA 
RRCA 
RRA 


MC, 


T,T2T3 


1 St op-code 
Address 


1st 

op-code 










1 





1 





RLCg 
RL g 
RRC g 
RRg 
SLA g 
SRAg 
SRLg 


MC 1 


T 1T2T3 


1st op-code 
Address 


1st 

op-code 


Q 




Q 




r\ 
U 


1 





MCa 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 















1 


1 


MCa 


Ti 


* 


Z 


1 




1 




1 


1 


1 


RLC (HL) 
RL (HL) 
RRC (HL) 
RR (HL) 
SLA (HL) 
SRA (HL) 
SRL (HL) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 















1 


Q 


MC2 


T 1T2T3 


2nd op-code 
Address 


2nd 

op-code 















1 


1 


MC3 


T,T2T3 


HL 


DATA 












1 


1 


1 


MC4 


Ti 


* 


Z 


1 




1 




1 


1 


1 


MC5 


T,T2T3 


HL 


DATA 


1 










1 


1 


1 



*5 The upper column indicates the LIR pin value when the LIRE bit in the operation mode con^ 
the lower column indicates that when the same bit is 0. 
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Instaiction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


i5e 


LIR 


HALT 


ST 


RLC (IX+d) 
RLC (lY+d) 
RL (IX+ d) 
RL (lY+d) 
RRC (IX+d) 
RRC (lY+d) 
RR (IX+d) 
RR (lY+d) 
SLA (IX+ d) 
CLA (lY+d) 
SRA (IX+d) 
SRA (lY+d) 
SRL (IX+d) 
SRL (IY+ d) 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 















MC2 


T,T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 














MC3 


T1T2T3 


1 st operand 
Address 


d 





1 







1 






MC4 


T,T2T3 


3rd op-code 
Address 


3rd 

op-code 





1 














MCb 


T,T2T3 


IX+d 
lY+d 


DATA 





1 







1 






MCb 


Ti 


* 


Z 


1 


1 


1 




1 


— 




MC 7 


T 1T2T3 


IX+d 
IY+ d 


DATA 


1 










1 






RLD 
RRD 


MCi 


T1T2T3 


1 St op-code 
Address 


1st 

op-code 





1 














MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 





1 














MC3 


T1T2T3 


HL 


DATA 





1 







1 






MC4 

~MC7 


TiTiTiTi 


* 


Z 


1 


1 


1 




1 






MCs 


T1T2T3 


HL 


DATA 


1 










1 






RST V 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 





1 














MC2 
-MCa 


TITi 


* 


Z 


1 


1 


1 




1 






MC4 


T1T2T3 


SP~1 


PCH 


1 










1 






MCs 


T1T2T3 


SP— 2 


PCL 


1 










1 






SCF 


MC 1 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















SET b.g 
RES b.g 


MC 1 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 















— 


1 


MC3 


Ti 


* 


Z 


1 




1 




1 




1 


SET b, (HU 

DCC K tut \ 


1 


T1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


1 n 2 i 3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MCa 


T1T2T3 


HL 


DATA 












1 




1 


MC4 


Ti 


* 


Z 


1 




1 




1 




1 


MCs 


T,T2T3 


HL 


DATA 


1 










1 




1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


SET b, (IX+d) 
SET b. (lY+d) 
RES b, (IX+d) 
RES b, (lY+d) 


MC 1 


T 1T2T3 


1 St op-code 
Address 


1st 

op-code 




















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

op-code 












Q 




1 


MC3 


T1T2T3 


1 st operand 
Address 


d 












1 




1 


MC4 


T 1T2T3 


3rd op-code 
Address 


3rd 

op-code 


Q 




rv 
U 




u 




1 


MCs 


T 1T2T3 


IX+d 
IY+ d 


DATA 


Q 




U 




1 




1 


MCe 


ji 






1 




1 




1 






MC7 


T1T2T3 


IX+d 
lY+d 


DATA 


1 









1 




1 


SLP 


MCi 


T1T2T3 


1st op-code 
Address 


1 st 

op-code 




















MC2 


T1T2T3 


Address 


2nd 

op-code 

















1 








z 


1 




1 




1 




1 


TSTIO m 


MC 1 


1 1 1 2 1 3 


1 st op-code 
Address 


1st 

op-code 


U 

















MC2 


T1T2T3 


2nd op-code 
Address 


2nd 

















1 


MC3 


T1T2T3 


1 st operand 









Q 








•J 


MC4 


T1T2T3 


C to Ao~A7 
OOH to A8~Ai5 


DATA 







1 




■J 




1 


TSTg 


MC t 


T 1T2T3 


1 st op-code 
Address 


1st 

op-code 




















MC2 


T 1T2T3 


2nd op-code 
Address 


2nd 

op-code 


Q 




Q 




r\ 
U 






MC3 


Ti 






1 




1 




1 




1 


TST m 


MCi 


T1T2T3 


1 st op-code 


1st 












Q 




Q 


MC2 


T 1T2T3 


2nd op-code 
Address 


2nd 

op-code 

















1 


MPo 

1VIU3 


1 1 1 2 1 3 


1 st operand 
Address 


m 












1 




1 


TST (HL) 


MCi 


T1T2T3 


1 st op-code 
Address 


1st 







Q 




Q 




Q 


MC2 


T1T2T3 


2nd op-code 


2nd 







Q 




Q 




^ 


MC3 


Tl 


* 


Z 


1 




1 




1 




1 


MC4 


T1T2T3 


HL 


DATA 












1 




1 
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Interrupts 



Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


NMi 


MCi 


T1T2T3 


Next op-code 
Address (PC) 







1 





1 





1 





MC2 
~MC3 


TiTi 


* 


Z 




1 


1 




1 




1 


MC4 


T1T2T3 


SP-1 


PCH 


1 










1 




1 


MCs 


TiTzTs 


SP-2 


PCL 


1 








1 


1 


1 


1 


iFTTTMODE 
(RST INSERTED) 


MCt 


T,T2Tw 
T^T3 


Next op-code 
Address (PC) 


1st 

op-code 


1 


1 


1 







1 





MC2 
~MC3 


TiTi 


* 


Z 


1 


1 


1 


1 


1 


1 


1 


MC4 


TiTzTa 


SP-1 


PCH 


1 








1 


1 


1 


1 


MC5 


T,T2T3 


SP-2 


PCL 


1 








1 


1 


1 


1 


iNT^MODEO 

(CALL 

INSERTED) 


MCi 


T1T2TW 
TwTa 


Next op-code 
Address (PC) 


1st 

op-code 


1 


1 


1 







1 





MC2 


T1T2T3 


PC 


n 





1 





1 


1 


1 


1 


MCa 


T1T2T3 


PC+l 


m 





1 





1 


1 


1 


1 


MC4 


Ti 


* 


Z 


1 


1 


1 




1 




1 


MCs 


T,T2T3 


SP-1 


PC + 2(H) 


1 








1 


1 


1 


1 


MCe 


T1T2T3 


SP-2 


PC+2(L) 


1 








1 


1 


1 


1 


intImode 1 


MCi 


TiT2Tw 
TwTa 


Next op-code 
Address (PC) 




1 


1 


1 







1 





MCz 


T1T2T3 


SP- 1 


PCH 


1 








1 


1 


1 


1 


MCa 


I il i'Ia 


SV - 2 


PCL 


1 








1 


1 


1 


1 


InT^ mode 2 


MCi 


T1T2TW 
TwTa 


Next op-code 
Address (PC) 


Vector 


1 


1 


1 







1 





MC2 


Ti 


* 


Z 


1 


1 


1 


1 


1 


1 


1 


MCa 


T1T2T3 


SP-1 


PCH 


1 








1 


1 


1 


1 


MC4 


T1T2T3 


SP-2 


PCL 












1 




1 


MCs 


T1T2T3 


1, vector 


DATA 





1 







1 




1 


MCe 


T1T2T3 


1, vector + 1 


DATA 





1 







1 




1 
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Instruction 


Machine 
Cycle 


States 


ADDRESS 


DATA 


RD 


WR 


-ME 


lOE 


m 


HALT 


ST 


iFffT 


MCt 


T1T2TW 
TwTa 


Next op-code 
Address (PC) 




1 


1 


1 











MC2 


Ti 


* 


z 


1 


1 


1 










MC3 


T1T2T3 


SP"~ 1 


PCH 


1 
















internal interrupts 


MC4 


T1T2T3 


SP-2 


POL 


1 
















MCs 


T1T2T3 


1, vector 


DATA 





1 













. MCe 


T1T2T3 


1, vector + 1 


DATA 





1 
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■ Requests in Each Operating Mode 



Current Status 




Operation Requests 




Chip Operation 


Operation Cycle 




Interrupt Requests 


Mode 




WAIT 


NMI 


INT0-INT2, or Internal 
Interrupt 




CPU 


Accepted 


Accepted at end of 
instruction 


Accepted at end of 
instruction 


Normal 


Interrupt 


Accepted 


Not accepted 


Not accepted 


operation 


acknowledge cycle 








mode 


DMA 


Accepted 


Accepted; DMA 
cycle aborted 


Accepted 




Refresh 


Accepted *l 


Accepted *3 


Accepted *3 




Bus release mode 




Accepted *2 


Accepted *2 




DMA 




Accepted; DMA cycle 
aborted and halt mode 
released 


Accepted 




Refresh 


AcfpntftH *1 


Accepted; halt mode 
released after completion 


Accepted; halt mode 
released after completion 


Halt mode 






of refresh cycle*3 


of refresh cycle*3 




Bus release mode 


Not accepted 


Accepted; halt mode 
released after completion 
of bus release mode*2 


Accepted; halt mode 
released after completion 
of bus release mode*2 




Other halt mode 


Accepted 


Accepted; halt mode 
released 


Accepted; halt mode 
released 




DMA 


Accepted 


Accepted; DMA cycle 
aborted and sleep mode 
released 


Accepted 




Refresh 


Accepted *l 


Accepted; sleep mode 
released after completion 


Accepted; sleep mode 
released after completion 


Sleep mode 






of refresh cycle*3 


of refresh cycle*3 




Bus release mode 


Not accepted 


Accepted; sleep mode 
released after completion 
of bus release mode*2 


Accepted; sleep mode 
released after completion 
of bus release mode*2 




Other sleep mode 


Not accepted 


Accepted; sleep mode 
released 


Accepted; sleep mode 
released 
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Requests in Each Operating Mode (cont.) 



Current Status 



Operation Requests 



Chip Operation Operation Cycle 

Mode wOf 



Interrupt Requests 



NMI 



INT0-INT2, or Internal 
Interrupt 



System stop 
mode 



Bus release mode Not accepted 



Accepted; system stop 
mode released after 
completion of bus 
release mode*2 



Other system stop Not accepted 
mode 



Accepted; system stop 
mode released 



Accepted; system stop 
mode released after 
completion of bus release 
mode*2 



Accepted; system stop 
mode released 



Reset mode 



Not accepted 



Not accepted 



Not accepted 
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■ Requests in Each Operating Mode (cont.) 



Current Status 




Operation Requests 




Chip Operation Operation Cycle 




Bus Requests 




Mode 


BUSREQ 


Refresh Request 


DMA Request from 








DREQo, DREQl, or MSCI 


CPU 


Accepted; enters bus 


Accepted; refresh cycle 


Accepted; DMA cycle 




release mode at end of 


executed at end of 


executed at end of 




machine cycle 


machine cycle 


machine cycle 


Interrupt 


Accepted; enters bus 


Accepted; refresh cycle 


Accepted; DMA cycle 


acknowledge 


release mode at end of 


executed at end of 


executed at end of 


Normal cycle 


machine cycle 


machine cycle 


machine cycle 


operation DMA 


Accepted; enters bus 


Accepted; refresh cycle 


Accepted; DMA cycle 


mode 


release mode at end of 


executed at end of 


executed at end of 




machine cycle 


machine cycle 


machine cycle 


Refresh 


Accepted; enters bus 


Accepted; refresh cycle 


Accepted; DMA cycle 




release mode at end of 


executed at end of 


executed at end of 




machine cycle *3 


machine cycle 


machine cycle *3 


Bus release mode 


Bus release mode 


Accepted; refresh cycle 


Accepted; DMA cycle 




continues 


executed after 


executed after completion 






completion of bus 


of bus release mode *2 






release mode*2 




DMA 


Accepted; bus release 


Accepted; refresh cycle 


Accepted; DMA cycle 




mode entered at end of 


executed at end of 


executed at end of 




machine cycle 


machine cycle 


machine cycle 


Refresh 


Accepted; bus release 


Accepted; refresh cycle 


Accepted; DMA cycle 




mode entered at end of 


executed at end of 


executed at end of 




machine cycle *3 


machine cycle 


machine cycle *3 


Halt mode Bus release mode 


Bus release mode 


Accepted; refresh cycle 


Accepted; DMA cycle 




continues 


executed after 


executed after completion 






completion of bus 


of bus release mode *2 






release mode*2 




Other halt mode 


Accepted; bus release 


Accepted; refresh cycle 


Accepted; DMA cycle 




mode entered at end of 


executed at end of 


executed at end of 




machine cycle 


machine cycle 


machine cycle 
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HD64180S 



Requests in Each Operating Mode (cont.) 



Current Status 



Operation Requests 



Chip Operation Operation Cycle 
Mode 



Bus Requests 



BUSREQ 



Refresh Request 



DMA Request ft'om 
DREQO, DREQl, or MSa 



Sleep mode 



DMA 



Accepted; bus release 
mode entered at end of 
machine cycle 



Accepted; refresh cycle 
executed at end of 
machine cycle 



Accepted; DMA cycle 
executed at end of 
machine cycle 



Refresh 



Accepted; bus release 
mode entered at end of 
machine cycle *3 



Accepted; refresh cycle 
executed at end of 
machine cycle 



Accepted; DMA cycle 
executed at end of 
machine cycle *3 



Bus release mode 



Bus release mode 
continues 



Accepted; refresh 
cycle executed after 
completion of bus 
release mode*2 



Accepted; DMA cycle 
executed after completion 
of bus release mode *2 



Other sleep mode Accepted; enters bus 
release mode 



Accepted; refresh cycle 
executed at end of 
machine cycle 



Accepted; DMA cycle 
executed at end of 
machine cycle 



System stop 
mode 



Bus release mode Bus release mode 
continues 



Not accepted 



Not accepted 



Other system stop Accepted; enters bus 
mode release mode 



Not accepted 



Not accepted 



Reset mode 



Not accepted 



Not accepted 



Not accepted 



* 1 Not accepted when the number of programmable wait states is 0. 
*2 Requests are held until the bus release mode completes. 
*3 Requests are held until the refresh cycle completes. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 661 



HD64180S 

■ Request Priorities 

Requests to the HD64180S are categorized into three types: 
® Requests accepted and executed in each state WAIT 

(D Requests accepted and executed in each machine cycle Refresh request 

DMA request 
BUSREQ request 

® Requests accepted and executed in each instruction Interrupts 

In principle, request priorities are as follows: 

(High) ® > ® > (D (Low) 

Type ® requests are prioritized as follows: 

(High) BUSREQ > Refresh request > DMA request (Low) 

For the priority of type ® requests, see section 3.6 "Interrupts" 
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■ State Transition Diagrams 

(1) Chip operation mode transition diagram 
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■ status Signals cd 



Status signals are listed below, O 
CO 



Chip 


Op^ation cycle 


























operation 
nuide 


LIR 


ME 


lOE 


RD 


KR 


REF 


HALT 


BUSACK 


ST 


CSo-2 


Ao'^Ais 






CPU 


First opcode fetch 








1 





1 


1 


1 







OUT (A) 


OUT (A) 


I X 






SeccHid and third opcode fetch 








1 





1 


1 


1 






OUT (A) 


OUT (A) 


I X 






Memory read 


1 





1 





1 


1 


1 


1 i 1 

A 1 i 


OUT (A) 


OUT (A) 


I X 






Memory write 


1 





1 


1 





1 


1 


1 , 1 


OUT (A) 


OUT (A) 


OUT (A) 






I/O read 


1 


1 








1 


1 


1 


1 I 1 


1 


OUT (A) 


I X 


Nomial 




I/O write 


1 


1 





1 





1 


1 




1 


OUT (A) 


OUT (A) 


op^tion 
niode 




Internal (^)aation 


1 


1 


1 


1 


1 


1 


1 


1 1 1 


1 


OUT (A) 


Z 


Intemq»t 
acknowl- 
edge(furst 
machine 
cycle) 


nmT 








1 





1 


1 


1 


1 ; 


OUT (A) 


OUT (A) 


I X 









1 





1 


1 


1 


1 


1 1 


1 


OUT (A) 


I X 




INTi. INT2, fflid internal interrupts 


1 


1 


1 


1 


1 






1 i 


1 


OUT (A) 


z 




Internal 


Nfemocyread 


1 





1 





1 






1 


OUT (A) 


OUT (A) 


I X 






MenuMy write 


1 




1 


1 









1 j 


OUT (A) 


OUT (A) 


OUT (A) 






I/O read 


1 I 1 








1 






1 ' 


1 


OUT (A) 


I X 






I/O write 


1 


1 





1 









1 i 


1 


OUT (A) 


OUT (A) 






Internal operation 


1 


1 


1 


1 


I 






1 : 


1 


OUT (A) 


z 




R^resh 


1 





1 


1 


1 







1 1 1 


1 


OUT (A) 


z 




Bus release mode 


1 


z 


z 


z 


z 


1 







1 


1 


z 


z 



1: High level output 

0: Low level output 

OUT (A): Any output 
IN: Input 
Z: High impedance 



■ Status Signals (cont.) 



Chip 






























operation 
mode 




Operation cycle 


LIR 


ME 


lOE 


RD 


l\R 


REF 


HALT 


BUSACK 


ST 


CSo~2 


Ao~Ai9 




Halt 
mode 


Internal 
DMA 


Memory read 







1 





1 












OUT (A) 


OUT (A) 


I N 


Memory write 







1 


1 















OUT (A) 


OUT (A) 


OUT (A) 






VOread 




1 








1 














OUT (A) 


I X 






I/O write 




1 





1 

















OUT (A) 


OUT (A) 






Intemal operation 




1 


1 


1 


1 














OUT (A) 


Z 




Refiresh 







1 


1 


1 









1 




OUT (A) 


Z 




Bus release mode 




z 


z 


z 


z 









1 




Z 


Z 




Halt mode other than above 







1 





1 












OUT (A) 


OUT (A) 


IX 


Sleep 
mode 


Intemal 


Memory read 







1 





1 









13 


OUT (A) 


OUT (A) 


I X 


DMA 


Memory write 







1 


1 





1 





1 





OUT (A) 


OUT (A) 


OUT (A) 






VOread 












1 














OUT (A) 


I X 






I/O write 







1 
















OUT (A) 


OUT (A) 






Intemal operation 




1 


1 


1 


1 













OUT (A) 


Z 




Refiresh 







1 


1 


1 













OUT (A) 


z 




Bus release mode 




z 


z 


z 


z 













Z 


z 




Sleep mode other than above 




1 


1 


1 


1 













1 


z 


System 

stop 

mode 


Bus release mode 




z 


z 


z 


z 













Z 


z 


System stop mode other than above 




1 


1 


1 


1 













1 


z 


Reset 
mode 






1 


1 


1 


1 




1 








z 


z 



1 : High level output 

0: Low level output 

OUT (A): Any output 

IN: Input 

Z: High impedance 
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■ Pin States in Reset and Low PDwer Dissipation Modes 



Pin name 


Pin state 


Reset mode 


Sleep mode 


System stop mode 


TINo. TIN, 


IN ( N ) 


IN ( A ) 


IN ( N ) 


TOUTo. TOUT', 


OUT ( L ) 


OUT ( A ) 


HOLD 




OUT ( H ) 


OUT ( A ) 


OUT ( H ) 


WAIT 


IN ( N ) 


IN (A) 


IN ( N ) 

1 iN \ iN / 




IN ( N ) 


IN ^ A ) 


IN (A) 


TwfT TntT I NT, 


IN ( N ) 


IN ^ A ) 
1 IN \ rv / 


IN (A) 

1 J.N \ f\ / 


RESET 


IN ( A ) 


IN ( A ) 


IN ( A ) 


BUSREQ 


IN ( N ) 


IN ( A ) 


IN ( A ) 


BUSACK 


OUT ( H ) 


OUT ( A ) 


OUT ( A ) 


ST 


OUT ( H ) 


OUT ( A ) 


OUT ( H ) 


TTY 


OUT (H) 


OUT (H) 


OUT (H) 


W 


OUT (H) 


OUT (A) 


OUT (H) 


HALT 


OUT (H) 


OUT (L) 


OUT (L) 




OUT (H) 


OUT (A) 


OUT (H) 


¥r 


OUT ( H ) 


OUT (A) 


OUT (H) 


ME 


OUT ( M ) 


OUT ( A ) 


OUT (H) 


Toe 


OUT ( H ) 


OUT ( A ) 


OUT ( H ) 


Ao*^ A , n 




OUT ( A ) 


OUT ( H ) 




Z 


I N ( A ) . 
OUT (A) . Z 


Z 


SYNC 


Input selected 


I N (N) 


I N (A) 


I N (N) 


Output selected 




OUT (A) 


HOLD 


RTSM 


OUT ( H ) 


OUT ( A ) 


HOLD 


DCDM 


I N (N) 


I N (A) 


I N (N) 


CTSM 


1 N (N) 


I N (A) 


I N (N) 


RXDM 


I N (N) 


I N (A) 


I N (N) 



IN (A): Input (active) 
IN (N): Input (inactive) 
OUT (H): Output (fixed to high level) 
OUT (L): Output (fixed to low level) 
OUT (A): Output (active) - High or low level output 
Z: High impedance 
HOLD: Holding the previous state 
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■ Pin States in Reset and Low Power Dissipation Modes (cont.) 



Pin name 


Pin State 


Reset mcxie 


Sleep mode 


System stop mode 


RXCM 


Input selected 


1 N (N) 


1 N (A) 


I N (N) 


Output selected 




OUT ( A ) 


OUT (A) 


TXCM 


Input selected 


I N (N) 


I N (A) 


I N (N) 


Output selected 




OUT (A) 


OUT (A) 


TXDM 


OUT (H) 


OUT ( A ) 


OUT (H) 


RTSA 


U T (II) 


OUT ( A ) 


HOLD 


DCDA 


I N (N) 


I N (A) 


I N (N) 


CTSA 


I N (N) 


1 N (A) 


I N (N ) 


RXDA 


IN ( N ) 


I N (A) 


I N (N) 


RXCA 


Input selected 


I N (N) 


1 N ( A) 


I N (N) 


Output selected 




OUT (A) 


OUT (H) 


TXCA 


Input selected 


I N (N) 


I N (A) 


I N (N) 


Output selected 




OUT (A) 


OUT (H) 


TXDA 


OUT (H) 


OUT (A) 


HOLD 


DREQo. DREQ, 


I N (N) 


I N (A) 


IN (N) 


TENDo.TEND, 


OUT (H) 


OUT (A) 


OUT (H) 




clock output 


clock output 


clock output 



IN (A): Input (active) 

IN (N): Input (inactive) 

OUT (H): Output (fixed to high level) 

OUT (L): Output (fixed to low level) 

OUT (A): Output (active) - High or low level output 

Z: High impedance 

HOLD: Holding the previous state 
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■ Built-in Registers 



CPU 
Register 



Address Remarks 



Interrupt control register (ICR) OOOOH 



Nmm IRAP UFO 



tnttWVakM o 



TRAPStatw 
0: TRAPlMtnupt 
^fJJJJ^J U«id<Wn>dPttehObi»ctCo<to 

0: 8«»ndliyl«or<ipood*un(WinMl 
1: TbMbytoolopeodtundMfWd 



1. TnAPMwupt 



MMU common base register OOOIH 
(CBR) 



C87 CM 



C84 CB3 C82 C81 C80 



MMU bank base register (BBR) 0002H 



MMU common/bank area 0003H 
register (CHAR) 



B»N«mt CA3 CA2 CA1 GAO BA3 BA2 BA1 BAO 



Operation mode control register 0004H 
(OMCR) 



J 



0: The Lffi output it low 
only during th« opood* 
MchcyetoZofth* 
RETIInatruolkmand 



oftlwiRTointarrupt 
ccknowtedQ# cydt. 
1. Normal opsntion 



0:Outputofth«i5lan4?l5HnMtooofflpatbt» 
with that o( tho Z804MMd pwlpiwml LSI*. 



iPTompofityEnablo 

0. WhM tho LIRE bit It 0. tho IP output is low only for 
tht opeodtfttch cydt immadiattly allar It wrMttn 
tothaL^ni M. 

1: Noimal opafadon 
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■ Built-in Registers (cont.) 
CPU 



Register Address Remarks 



I/O control register (lOCR) 


0005H 




7 


6 




4 


3 


2 


1 









BtNanw lOSTP 














Rtad/Wm* R/W 
InKM Valu* 

iJstop 

SiMpmc 

1 Systam 




Ida (SLP inttniction axac 
Mop moda (SLP Inttrucil 




ution) 

onaxacutlon 














Unused 
Unused 


0006H 
0007H 




















Wait Control 


Register 


Address 


Remarks 
















Physical address boundary 


0008H 




7 


6 


S 


4 


3 


2 


1 





register O(PABRO) 




BitNam« 


PB07 


PB06 


PBO& 


PB04 


PB03 


PB02 


PB01 


PBOO 




Raad/Writa 
Initial Valua 


RAW 



R/W 



R/W 



RAW 



RAW 



RW 



RAW 



R/W 













1 

PAiyPAM Boundary 


Addrass (8 high-ordar Ms) 






Physical address boundary 


0009H 




7 


6 


5 


4 


3 


2 


1 





register 1 (PABRl) 




BitNama 


PB17 


PB16 


PB15 


PB14 


PB13 


PB12 


PB11 


PB10 




fUad/Writa 
Initial Valua 


mt 




RAW 



RAW 



RAW 



RAW 



RAW 



RAW 



RAW 













1 

PAM/PAH Boundaiy 


Addrasa (8 high-ordar Ms) 






Wait control register L rWCRL^ OOOAH 




7 


6 


5 


4 


3 


2 


1 









Bit Nama 












PALW2 


PALW1 


PALWO 



Read/Writa - - - --RAWRAWRAW 

Initial Value 1 1 1 

] 

PAL Araa Watt 



PALW2 


PALWl 


PALWO 


Number of Wait States 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1117 
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Built-in Registers (cont.) 



Wait Control 



Register 



Address Remarks 



Wait control register M (WCRM)OOOBH 



7 6 5 



PAMW2 PAMW1 



RMdWrIt* - . - 

Initial VahM 



PAMW2 PAMWl PAMWO Number of Wait States 



Wait control register H (WCRH) OOOCH 



PAHW2 PAHW1 



R«« 

InMli 


1 Valut 





- - IVW WW RAW 
1 1 1 


PAHW2 


PAHWl 


PAHWO 


1 

PAH ATM Wail 

Number of Wait States 


b 

















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1117 



I/O wait control register 
(lOWCR) 



OOODH 



Raad/Wriie 
InHial Value 



I0H2 


lOHl 


lOHO 


Number of Wait states 




















1 


1 










2 







1 


3 









4 


10 15 









6 


1117 


I0L2 


lOLl 


lOLO 


Number of Wait States 













11 










2 







1 


3 


1 







4 


10 15 


1 







6 


1117 
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Built-in Registers (cont.) 



Wait Control 



Register 



Address Remarks 



Interrupt wait control register OOOEH 
(INTWR) 



BHNam* 

RMdAVrito 



WmN2 IN1W1 INTWO 



Refresh wait control register 
(RWCR) 



OOOFH 



Number of Wait states 



RMd/WrH* 
InHial Vahi* 



REFW2 REFW1 



Number of Wait States 



Interrupt Control 



Register 



Address Remarks 



Interrupt status register (ISRO) OOlOH 



O-RaquMlnaiMMd 



ftRiquHlnallMKNd 



aRMiuMtraliMiMd 

VRiqUHlMUKi 



Extfn«llnfnruptlNT2 
ftFUquHlnatlMMd 



AOTfifinnxRnY 

ftFtequMnalinMd aRtquMtnoiiHutd 
IRtqugattauad VRiquMiMMd 



O-RiquMinoliMU0d 
I.RKjuHtiMUid 



EifttfP»!lnt»fTy«INTt 

ftniquMinatiMMd 

LRiquMliMUKi 
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■ Built-in Registers (cont.) 
Interrupt Control 



Register 



Address Remarks 



Interrupt status register 1 (ISRl) 001 IH 



0MIB1 I 0MIA1 



Intffupt R»qu>«t 



0- RaquMi not iMUcd 



Tlnwf Chwrwl 



0: RaquMi not itmiad 



0: RaquMt not Inuad 
0:Rw|U«rt not inuMt 0: ftoquart n« Im«i«« 1- R«»uMtiMu«J 



Interrupt enable register 
(lERO) 



0012H 



BIINmtw 7XRDY1E RXRDY1E TXtfTOE RXttfTDE TXWYDE RXROYOE IN72E INTIE 



FtoadAWrto fVW 



0:OiMM«l 



ASCI/C8I0RXR0Y 



Interrupt enable register 1 
(lERl) 



0013H 



TTmw Ch«nfW< t 
Intftupt R»qutt En«bl« 



DMAlmefruptB 
Churns 1 En«W 



Tlmf Ch«nn>l 

Inf rrupt R«qut> En«b»» 

: OiMbM 

1 EnabM 



DMA »nf rrupt B 
Ch«n(WlOEn«bl> 
0: OisabM 



DMAInfrruptA 
Chinfwl En«bl< 



ASCIA^StO 
RXINTEnDI* 



ASCt/CSIO 
TXINTEna>)l« 



Interrupt vector low register (IL) 0014H 



6 5 4 



Value 







Low ordar byt* of voetor addrmw 
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■ Built-in Registers (cont.) 
Interrupt Control 



Register Address Remarks 



Unused 0015H 
Unused 0016H 
Unused 0017H 



Refresh Control 



Register 



Address Remarks 



Refresh control register (RCR) 0018H 



R«ad/WrH« 
Initial Valua 



0- Rafraah cydaa n 
1 ■ Rafraah cydaa ir 



CydaSalart 



010: 96 ttauta 
011:12S8tatas 
100-160atctM 
101. 192staitM 
110:224tlitm 
111:256statas 



Unused 
Unused 
Unused 



0019H 
OOIAH 
OOIBH 



Bus Control 



Register 



Address Remarks 





7 


6 


5 


4 


3 


2 1 





Singla4>lock Tnnalar 
Mod* (dual addraaa) 


















Sinala4)loekTranalar 
Moda (alngta addraaa) 
















PRO 


Qhainad-blockTranalar 


















Raad^rka 
Initial Valua 



























DMA priority control register 00 1 CH 
(PGR) 



Chy»nfipri9% 

0: Channal haa priority ovarchannal 1 
1:Channal1 haa priority ovarohannalO 



DMA master enable register 00 IDH 
(DMER) 



Single-biocl< Transfer 
Moda (dual address) 


DME 
















Singia-bloct< Transfer 
Mode (single address) 


Chained-block Transfer 
Mode 



Read/Write 
Initial Valua 



DMA Master-Enable 
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■ Built-in Registers (cont.) 

Bus Control 

Register Address Remarks 

Unused OOIEH 
Unused OOIFH 



MSCI 
Register 



Address Remarks 



MSCI TX/RX buffer register 0020H 
(MTRB) 





7 


6 


5 


4 


3 


2 


1 





Atync 


















Byta Sync 


TRB7 


TR86 


TOBS 


TRB4 


■mea 


TRB2 


TOB1 


TRBO 


BKSync 


















RMdAVrtto 




rvw 


rvw 


R/W 


R/W 


FVW 


FVW 


RW 


Initial Vatua 


X 


X 


X 


X 


X 


X 


X 


X 



Valua wrhtan to, or raad from, tha tranamlt/racalva buffar 



MSCI status register (MSTO) 0021H 





7 


6 


5 


4 


3 


2 


1 





Aaync 


TXWT 


RXWT 










TXRDY 




Byta Sync 


















Bit Sync 



















Raad/Wr»a 
Initial Valua 



Nointarrupt 

1 Intarrupl 



J 



I 

TXraadv 

0: TransmH buffar full 
1- Tranamlt buffar 
ampty/nol full i — 



RXraadv 

0- No raeaiva data 
1: Raoaivadata 



MSCI status register 1 (MSTl) 0022H 



ABTtV 
OAPO 



"l^laJSt^i^ 



aYNPaWanr D f t ^p Bgn 
• Byta aynohronoua mod* 
No patiarn dalaelad 



0- Netlaodalaetac 
1 Ragdataetad 



1 Wla aaquanoa atari daiaetad 



0: Notohangad Braifc 



Abort Oataction^aA Pattarn Datactlon 



0: Abort aaquanea atan/OA p< 
1 Abort aaquanea atarvOA pi 
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■ Built-in Registers (cont.) 
MSCI 



Register 



Address Remarks 



MSCI status register 2 (MST2) 0023H 





7 


6 


9 


4 


3 


2 1 





Atyno 




PMP 


PE 


FRME 


OVRN 








Byte 8yno 












cncE 






BMSync 


EOM 


8HRT 


ABT 


RBIT 











Initial Valua 
End of Raoalva Frama 



Endolraoalvalrama 



Short Frama 
* BH tynchronout moda 
0: ItoiTMlandotftwna 
1: Short fmnadttadad 



BaalduaBUFfama 

• BR aynohronoua 

0- Normal and a< 



Parity Error 

• Aaynohronoua moda 

0: No parity arrordataeiad 



MSCI status register 3 (MST3) 0024H 



Async 














IXENBL 


RXENBL 


Byta Sync 


SRCH 


Bit Syne 


SLOOP 



San^ngonlMe 
• BK tynchrenoua moda 
0- TraflamtanoMSCidi 
1: Tranamka MSCI data 



CreMtnpuillnaStatua 
0. CfSMtowlavat 
1: Cmi high (aval 



• Byta/Blit tynchronout moda 
0. AOPLL normal moda 
1 AOPLL aaarch moda 



pQpM Input LlnaS^alut 
0: OCOM \omMI 
1 DCDMhighlaval 



MSCI frame status register (X)25H 
(MFST) 



7 6 S 4 3 2 1 



Aaync 


















Byta Syne 


















BilSync 


EOMF 


SHRTF 


ABTf 


RBITF 


ovnNF 


cncEF 






RaadAWrlta 
Initial VahM 



























"I 

latnK 
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■ Built-in Registers (cont.) 
MSCI 



Register 



Address Remarks 





7 


6 


5 


4 


3 


2 


1 





Atync 


■naNTE 


RXINTE 










TXRDYI 


fWRDYE 


Byt* Sync 


















BiiSync 


















RaadWiit* 


FVW 


R/W 










fVW 


fVW 


Initial Valus 



























MSCI interrupt enable register 0026H 
(MIEO) 



Enabte 
5~D5iWa 
1 Enabia 



MSCI intenupt enable register 1 0027H 
(MIEl) 



RMKl/Writa 
Initial Valua 





7 


6 




4 


3 


2 


1 





Aaync 














BRKDE 


BRKEE 


Byta Sync 




IDLE 




SYNCOE 


CCTSE 


CDCOE 






HDUC 


UDRNE 




FLGOE 


ABIDE/ 


lOLDE 


Loop 












GAPDE 



IDLIntarruptEnabla 

O-.DistMa 
lEnabla 



UDRNIntafTurtEnaMa 

• Byta/BH synchronous moda 

0: DisaUa 



g 



J 



CCTSInten-uptEnabIa 



SYNOD Intarrupt EnabIa 

• Byta synchronous moda 

0: Disabia 

1:Enabta 

FLGDIntarnjrtEnabIa 



BRKO Intarrupt EnabIa 
• Asynchronous moda 



COCDtmanupt EnabIa BRKE Interrupt Enable 

0: Disable • Asynchronous mode 

1. EnabIa Disabia 

1 EnabIa 

IDLD IntewiPt Enable 



MSCI interrupt enable register 2 0028H 
(MIE2) 



Async 




PMPE 


PEE 


FRMEE 










Byte Sync 










OVRNE 


CRCEE 






Bit Sync 


EOME 


SHRTE 


ABTE 


RBITE 








Read/Wrka 


RW 


R/W 


WW 


RW 


RW 


RW - - 


Initial Value 



























EOM Inteffupt EnabIa 
• Bit synchronous moda 



PMP Intarwpt Enable 
• Asynchronous mode 



SHRT Interrupt EnabIa 
• Bit synchronous mode 



CRCE Interrupt Enable 
• Byte/bit synchronous m 



OVRN Interrupt Enable 
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PE Interrupt Enable 

• Asynchronous mode 

0- Disable 
1. Enable 

ABTInteffupt Enable 

• Bit synchronous mode 
Disable 

1- Enable 



- FF»<E Interrupt Enable 



RBIT Interrupt Enable 
• Bit synchronous mode 
Disable 
1- Enable 
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■ Built-in Registers (cont.) 
MSCI 



Register 



Address Remarks 



MSCI frame interrupt enable 
register (MFIE) 



0029H 



iSyno EOMFE 



MWVakM 



EOMFInterniptEnabU 



MSCI command register 
(MCMD) 



002AH 



Async 


















Byt* Sync 






CMOS 


CMD4 


CMD3 


CM02 


CMD1 


CMDO 


Bit Sync 


















RMMl/Wril* 


W 


W 


W 


W 


W 


W 



* Tfsnscnil Co(nfMndt 
000001: TXrMMl 
000010: TX« 
000011: TXd 
000100: IXC 
000101: Exekwipnfrom'FX 



000110: Endotm 
000111: Abort inmwniMton 
001000- MPbkon 
001001: IXbuffardMr 
Othars: RtMtwd 



010001: RXraMi 
010010. RXanabta 
010011: RXdisaM* 
010100: RXCRCt 
010101- MMMg«raj«cl 
010110: SMichMPbtt 
010111 ExdiMiontromRX 

CRC calculation 
011000: Forcing RXCnC 



• Olhor Commands 
100001- Channalraaat 
110OO1. Entorsaarcfirr 
OOOOOO Nooparatlon 



MSCI mode register 0(MMDO) 002BH 



Aaync 














STOF*! 


STOPO 


Byt* Sync 


PRTCX2 


PRTCLI 


PRTao 


AUTO 




CflCCC 


CRC1 


CFICO 


Btt Sync 


















Raad/Writa 


fVW 


fVW 


FVW 


FWV 


FVW 


FVW 


FVW 


InKial Valua 



























7-^ 



000 Asynchronous moda 

001 • Byla-sync, 



1 Auto-anabia sal 



010 Byta-sync, 

Bi^ncmoda 
01 1 . Byta-sync. External 



100 Bit-sync, HDLC moda 

101 BH-sync, Loop moda 

110 Rassrvad 

111 Rasarvad " 



CRC Calculaton Coda 
• Byta/Bit synchronous 



Stop Brt Length 

• Asynchronous mode 

00 1 bit 

01 1 5 bits 

10 2 bits 

1 1 Reserved 

Cf^C Calculation 
Expression and 
Initial Value 

• Byte/Bit synchronous moda 
OX CRC-16 

IX: CRC-CCm 

XO Initial valua • all OS 

X1 Initial value -all Is 
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■ Built-in Registers (cont.) 
MSCI 



Register 



Address Remarks 



MSCI mode register 1 (MMDl) 002CH 



Async 


BRATE1 


BRATEO 


TXCHR1 


TXCHRO 


RXCHR1 


RXCHR( 


PMPM1 


PMPMO 


Byte Sync 


















Bit Sync 


ADDRS1 


ADDRSO 


Read/Writs 
Initial Value 


FVW FVW R/W FVW fWV 



WW R/W R/W 




Bit Rale 

• Asynchronous mode 

00 1/1 clock rate 

01 1/16 clock rate 

10 1/32 clock rate 

11 1/64 clock rate 

AddfWFWCh»Ck 

• Bit synchronous mode 

00 Address field no-check 

01 Single address 1 
10: Single address 2' 



Transmit Characler 

Length 

• Asynchronous mode 

00 8 bits/character 

01 7 bits/character 

10 6 bits/character 

1 1 5 bits/character 



Receive Character 
Length 

• Asynchronous mode 

00 6 bits/character 

01 7 bits/character 

1 6 bits/character 

1 1 5 bits/character 



PafitY^MultiProc985gr 

• Asynchronous mode 

00 No parity/MP bit 

01 MP bit appended 
(by command) 

10 Even parity appended and 
chocked 

11 Odd parity appended and 
checked 



MSCI mode register 2 (MMD2) 002DH 



Async 


















Byte Sync 


NRZFM 


C00E1 


CODEO 


DRATE1 


DRATEO 




CNCT1 


CNCTO 


Bit Sync 


















Read/Write 


mi 


fV\N 


BAN 


WW 


RAV 




BAN 


RAN 



NRZ or FM Select 
• Byte/Bit 
synchronous 



Transmission Code 
Type 

• Byte/Bit synchronous 



• NRZ 
00. NRZ 
01 NRZI 

10 Reserved 

1 1 Reserved 

• FM 

00 Manchester 

01 FM1 

10 FMO 

1 1 Reserved 



Channel Connection 

00 Full duplex 

communications 

01 Auto echo 

10 Reserved 

1 1 Local loop back 



ADPLL Qpflfating ClocK/Bit Rate 
• Byte/Bit synchronous mode 

00 x8 

01 x16 

10 x32 

1 1 Reserved 



MSCI control register (MCTL) 002EH 



Async 


TXRDYC 








BRK 






RTS 


Byte Sync 






UDRNC 


IDLC 




SYNCLD 






Bit Sync 














GOP 




Read/Wrtte 


R/W 




R/W 


RW 


R/W 


WW 


RAM BAN 


Inttial Value 




















1 



TX Ready State Qontfol 
TXRDYbttgoeetol 

when the transmit buffer is 

otnpty 

1. DCROYbitgoestolwhMt 
the transmit buffer Is not full 



LJ 



Send Break 
• Asynchronous 



0- Off 

1- On (break send) 



• Byte/Bit synchronous mode 

0. Transmits a mark 

1 Transmits an kfle pattern 



Request to Send 
I PffSMNneat 



Go Active on Poll 
• Bit synchronous 

0- DItabte 
1 Enable 



Underrun State Control SYN Character 

• Byte synchronous nwde Load Enable 

Enters Idle state immediately • Byte sync nr»de 

1 Enters kfle state after CRC transmission 0- Disable 

• Bit synchronous mode 1* Enable 
0- Enters WIe state after aborting transmission 

1 Enters idle state after PCS and flag transmission 
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■ Built-in Registers (cont.) 
MSCI 



Register 



Address Remarks 





7 


6 


S 


4 


3 


2 


1 





A*ync 


















By1« Sync 


SA07 


SA06 


SAOS 








8A01 




BH Sync 


8A04 


SAOS 


SA02 


8A00 


RMd/Wrlta 
InHial Valu* 


FVW 
1 


fVW 


fVW IVW ftW »W 
1111 


AW 


R/W 
1 



MSCI synchronous/address 
register (MS AO) 



002FH 



MSCI synchronous/address 
register 1 (MSAl) 



0030H 



MSCI idle pattern register 
(MIDL) 



0031H 



SYN Ptttarn tor R«ctp»on/Addr«M Ftold Owck 
• Byt* tynchronou* ntod* 



Mono-sync 


SYN pattam for raeapllon 


Bi-sync 


SYN patlarn for Irantmiaalon and racaptlon (bM» 7-0) 


Extarnal-tync 


Unuaad 





Addrata fiald 


Mtchackad 


Unuaad 


HOLC 


Singia addraM 1 


BHa 7-0 of tha aaoondary alatlon addraaa 


mod* 


Singia addraat 


2 


Unuaad 




Dual addraaa 


Bits 7-0 ot tha aaoondary atation addraaa 




Addrata fiald 


ot chackad 


Unuaad 


Loop 


Singia addraaa 1 


Bita 7-0 ot tha aaoondary ata 


Ion addraat 


4-blt addraaa 


Bha 7-4 of tha aaoondary atation addraaa 




Dual addraaa 


Bita 7-0 ot tha aaoondary atation addraaa 


7 


6 5 


4 


3 2 1 






Async 


















Byta Sync 


SA17 


SA16 


SA1S 


SA14 


SA13 


SA12 


SA11 


SA10 


Bit Sync 


Raad/Writa 


fVW 


RW 


fVW 


fVW 


R/W 






R/W 


Initial Valua 




1 


1 


1 


1 


1 







SYN Pattarn lor Tranintitsion/Addrata Fiald Chack 
• Byta synchronous moda 



Mono-sync 


SYN pattarn tor transmission 


Bl-sync 


SYN pattarn (or transmission and racaption (bits 15-6} 


Extarnal-sync 


SYN pattarn for transmission 



• Bit synchronous moda 





Addrass fwld not chacfctd 


Unusad 


HDLC 


SingIa addrass 1 


Unusad 


moda 


Singia addrass 2 


Bits 15-S of tha sacondary station addrass 




Dual addraaa 


Bits 15-8 of tha aacondary station addrass 




Addrass (lald not chackad 


Unusad 


Loop 


Singia addrass 1 


Unusad 


moda 


4-t>tt addrass 


Unusad 




Dual addrass 


Bits 15-8 of tha sacondary station addraaa 


e 


S 4 


3 2 10 



Atyitc 


















Byta Syne 


DL7 


CL6 


DLS 


DU 


DU 


CL2 


DL1 


DLO 


BHSyrw 



RAN fWt MN fWt 
1111 
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■ Built-in Registers (cont.) 
MSCI 



Register 



Address Remarks 



MSCI time constant register 
(MTMC) 



(MRXS) 



0032H 




7 


6 


s 


4 


3 


2 


1 







Async 


TMC7 


1MC6 


TMC6 


TMC4 




TMGZ 


1MC1 


WOO 




Byt* Sync 




















Bh Sync 




















Raad^Vrit* 
tnm Valu* 


WW 






WW 



WW 



WW 



WW 



WW 



WW 










ualoadad 


totharat 


sadtimar 


1-266) 






0033H 




7 


e 


5 


4 


3 


2 


1 





Async 




RXCS2 


RXCS1 


RXCSO 


RXBR3 


RXBR2 


RXBR1 


RXBRO 




Byt* Sync 




















Bit Sync 




















R«ad/Writ« 
Initial Valua 





WW 



WW 



WW 



WW 



WW 



WW 



WW 





Sourca 



000- RXCM Hna inpu 

010: RXCM Una input (noiaaaupprasaton) 

1 00 intamai baud rata ganarator (BRQ) output 

110: AOm output 

(BRQ output tor ADPLL oparating dock) 
111- AOPaoutput 

(RXCM Una input tor AOPLL oparating dock) 
Othara: Ratarvad 



• Ck>ck division ratto 
0000. 1/1 
0001 1/2 
0010. 1/4 
0011- 1/8 
0100. 1/16 
0101 1/32 
0110- 1/64 
0111 1/128 
1000: 1/2S6 
1001 1/512 
Othara: Raaarvad 



MSCI TX clock source register 0034H 
(MTXS) 



7 6 5 4 3 2 1 



Async 




TXCS2 


TXCS1 


TXCSO 


TXBR3 


TXBR2 


TXBR1 


TXBRO 


Byta Syne 


















BHSyne 



















Raad/Wmo - WWWWWWWWWWWWWW 



Initial Vakia . ° <> 




000: TXCM Hna ir^ • Ckxk division ratto 

100. Intamai baud rata ganarator (BRQ) output 0000: 1/1 

110. Racalvarctock 0001 1/2 

Othars: Raaarvad 0010 1/4 

0011: 1/8 
0100. 1/16 
0101: 1/32 
0110 1/S4 
0111: 1/128 
1000: 1/256 
1001- 1/512 



Unused 
Unused 
Unused 



0035H 
0036H 
0037H 
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■ Built-in Registers (cont.) 
ASCI/CSIO 



Register 



Address Remarks 



ASCI TXyRX buffer register 
(TRB) 



0038H 



ASCI status register 
(STO) 



0039H 







RXINT Interrupt 
0: RX intsrrupl rwt 
1 RXintorrupl 





7 


6 


5 


4 


3 


2 


1 




Atync 


TRB7 


wen 


TRB5 


TRB4 


TRB3 


TR82 


TR81 


TRBC 




















RMd/WrH* 
MiMVahM 


WW 
X 


mi 

X 


WW 
X 


RW 
X 


fWI 
X 


RW 
X 


RW 
X 


X 








Transmlt/RaoaL* bgffar valua 










7 


6 


S 


4 


3 


2 


1 





Async 


TXWT 


RXWT 










TXRDY 


RXRDY 


Ckidtad Serial 


















RtwVWrll* 


R 


R 










R 


R 



4 ? 



1. TranamH butlar 



ASCI status register 1 
(STl) 



003AH 



A»ync 




iOL 






CCTS 


COCO 


BRKD 


BRKE 


ClooKadSwiat 



















Raad/Wrlta 
Initial Valua 



Tfanamlttaf Mia Stata 
TXnotidIa 
1: TXidIa 



WN 



_J 



CTSA Una Laval Chanqa 
0. Una laval not ohangad 
lUnalavalchangad 



DCOAUnaUvalChanBa 
0: Una laval not changed 
1. Una laval ct 



Bfaak End Datactlon 
• Aaynehronoua moda 



Braak Start Pftacllon 
• Atynchionoua moda 
0. Break atart not data 
1 Break atact detected 



ASCI status register 2 
(ST2) 



003BH 





7 


e 


5 


4 


3 


2 1 





Aaync 




PMP 


PE 


FRME 


OVRN 








Ck>cked Serial 



















0- Parity/MPt>it valua 
1. Parity/MP bit value 1 



Framing Error 

0. No framing error detected 
1 Framing errar detected 



Pantv Error 

^k> parity error detaded 
V Parity error detecttd 
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■ Built-in Registers (cont.) 
ASCI/CSIO 



Register 



Address Remarks 



ASCI status register 3 
(ST3) 



003CH 





7 


6 


5 


4 


3 


2 







Aiync 










CTS 


000 


TXENBL 


RXENBL 


Ctodwd SarW 


















R«ad/Writ« 










R 


R 


R 


R 


InitM Valu* 














X 


X 









CTSA Input Lliw Lwl 
0. gfSA lin« low laval 
1 CTSA lina high lava! 



TX Enabia 

Disabia 

1 Enabia 



DCDA Input Lina Laval 
0: DCQA hnalowlaval 
1 OCOAImahighlaval 



RX Enabia 

Olsabia 

1 Enabia 



Unused 



003DH 



ASCI interrupt enable register 003EH 
(lEO) 





7 


6 


5 


4 


3 


2 


1 





Async 


TXINTE 


RXINTE 










TXRDYE 


RXRDYE 


Clockad Sarial 



















Raad/Writa 
Initial Valua 



TXINT Intarfupt Enabia 

DisabIa 

1 Enabia 



RXINT Intarrupt Enabia 

DisabIa 

1 Enabia 



TXRDY Intarrupt Enabia 

Oisabla 

1 Enabia 



RXRDY Intarrupt Enabia 
1 Enabta 



ASCI interrupt enable register 1 003FH 
(lEl) 





7 


6 


5 


4 


3 


2 







Async 




IDLE 






CCTSE 


COCDE 


BRKDE 


8RKEE 


Clockad Sarial 



















Raad/Writa 
Initial Valua 



IDL Intarrupt Enabia 
0. Oisabla 
1 Enabia 



CCTS Intarrupt 
Enabia 
DisabIa 
1. Enabia 



BRKD Interrupt 
Enabia 

• Asynchronous 



CDCD Intarnjpt Enabia 
Diaabia 



BRKE Intarrupt Enabia 
• Asynchronous 
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■ Built-in Registers (cont.) 
ASCI/CSIO 



Register 



Address Remarks 





7 


6 


S 


4 


3 


2 


1 





Atyne 




PMPE 


PEE 


FRMEE 


OVRNE 








CioekMl Serial 


















RMdAVrK* 




fVW 


fVW 


tVN 











ASCI intcmipt enable register 2 0040H 
(ffi2) 



0: Diwbi* 



OVRN Interrupt En«bl« 



FRM^mtwruptSfUbH 
• AtyrKhronow mod* 
0. OUMa 



Unused 0041H 

ASCI command register 0042H 
(CMD) 





7 


6 


S 


4 


3 


2 


1 





Acync 






CMOS 


CM04 


CMOS 


CM02 


C»«>1 


CMOO 


ClockMi Serial 



















000001. TX ratal 
000010- TXanaUa 
000011. TXditabIa 
001000- MPMon 
001001: TXbuffardaar 



• Racaiva oomfnar>ds 
010001: RX ratal 
010010. RXanabta 
010011- RXdisaWa 
010110: SaarehMPM 



100001: Channal ratal 
000000- Nooparaiion 
Olhart: Raiarvad 



ASCI mode register 
(MDO) 



0043H 



Atyne 


PRTCL2 


PRTCL1 


PRTCLO 


AUTO 






STDP1 


ST0P2 


Clookad Sarlal 


















Raad/Writa 


WW 


R/W 


WN 


nw 






WW 


mi 



8«°pBI»Langth 



Othar vakiat ara raaarvad 



00: 1M 
10: 2bte 
• Ctodtadaarial 



ASCI mode register 1 
(MDl) 



0044H 



Aaync 


BRATE1 


BRATEO 


TXCHRI 


TXCHRO 


RXCHR1 


RXCHRO 


PMPM1 


PMPMO 


CiockadSarial 



















00: 1/1 ol dock rata 
01: 1/16 o( dock rata 
10: 1/32 of dock rata 
11: 1/64 o( dock rata 



Trantwil Charactar lanolh Rayf>»f <?>»yyff ff tttPflffii 
00: 8 bktA^haradar 00: 8 MtABtiaraolar 

01: 71 



Thaaa Mt atwuM ba tat to 00. 



00: Nop««y/MPhlt 
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■ Built-in Registers (cont.) 
ASCI/CSIO 



Register 



Address Remarks 



ASCI mode register 2 
(MD2) 



0045H 



7 6 5 



ghfiwflponnfdlyn 
00- FuHduptox 
01: Auto-«eho 



ASCI control register 
(CTL) 



0046H 



Atyno 










BRK 






RTS 


ClockMl S«rial 



















RMd/Wrto 
InltWVatiM 



0- on (Normal OfMration) 

1- On(BrMkMnd) 



R»quwHoS«nd 
0: RTSAlDwIaval 



1. fittSirhigh twal 



Unused 
Unused 
Unused 



0047H 
0048H 
0049H 
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■ Built-in Registers (cont.) 
ASCI/CSIO 



Register 



Address Remarks 



ASCI time constant register 
(TMC) 



004AH 





7 


6 


S 


4 


3 


2 


1 





Async 


TMC7 


TMC6 


TMC5 


TMC4 


TMC3 


TMC2 


TMC1 


TMCO 


ClodwdSwtal 


R«ad/Wril« 


R/W 


R/W 


R/W 


WN 


R/W 


WN 


R/W 


R/W 


Initial Vaiu* 























1 



R«load Timar Vatu* (1 - 2S6) 



ASCI RX clock source register 004BH 
(RXS) 



/Ksync 






RXCS1 












Clockad Serial 




RXCS2 


RXCSO 











Raad/Wnta 
Initial Valua 



• Atyncttronoua moda 
000 RXCA Una Input 
100 Intamal baud rata ganarator 

(BRO) output 



RX Maatar/Slava Moda Salact 
• Clockad aartal moda 
000 Slavamoda 



ASCI TX clock source register 004CH 
(TXS) 



Raad/Writa 
Initial Valua 



Transmit Clock Sourca 
• Asynchronous moda 
000 TXCAHna input 



jr(BRG) 
output 
Othars Rasarvad 



TX Mastar/Slava Moda Salact 
• Clockad aanal moda 
000 Slavamoda 
100 Mastarmoda 
Othars. Rasarvad 



^ 

Baud Rata 

• Ckxk division rate 

0000 1/1 0101 1/32 

0001 1/2 0110 1/64 

0010 1/4 0111 1/128 

0011 1/8 1000 1/256 
0100 1/16 1001 1/S12 
Othars Rasarvad 



Unused 
Unused 
Unused 



004DH 
004EH 
004FH 
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■ Built-in Registers (cont.) 

Timer (channel 0) 

Register Address Remarks 

Timer up-counter channel OOSOH 7 e s 4 3 2 i 
(TCNT channel 0) I I I I I I I 

RcadAVrit* fVN fWI WN WN WW MN WN R/W 

InHialValM 0000000 



Timer constant register 005 IH ^— I — ' ■ ' ■ ^ . ' — , — 2_ — i — ^ 

channel (JCONR channel 0) ' w w w w w w w 



Timer control/status register 
channel (TCSR channel 0) 



0052H 



7 


6 


6 


4 3 


2 


1 


BHNUTUI 1 CMF 1 ECMI | 




j TME j T081 


TO80 


CKS1 1 CKSO 


■•d/WrIt* R f 


l/W 




fVW FVW 


R^V 


fWH R/W 


MM V«lu» 

















Compara tJMdh Baa 






TbnarEnabIa 




i 

Input Clock Salact 


0. TCNT and TCONR 
•ranotaqual 

1 TCNT and TOONR 
araaqual 






0: Count (top 
1 : Count Mart 




00 BC 
01:BC/8 
10: BC/128 
lliExtarnalavtnt 
count signal 



CMF mtarfupt Enabia 



Tlmaf Output Salac t 

00- Output fixad to 
01. Togglad output 
10- Output 



Timer expand prescale register 
channel (TEPR channel 0) 



0053H 



Road^Viita 

Initial Vahta 



Enabia Expand Praacalar 

0. Clock 1* saloclad by tha CKS1-0 bits in TCSR 

1 : Ck>ck is salactad by tha ECKS2-0 bits in TEPR 



Expand Clock Input Salsct 

000. BC 

001BCA2 

010-BC/4 

011.BC/8 

100:BC/16 

101 BC/32 

110:BC/64 

111BC/128 
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■ Built-in Registers (cont.) 
Timer (channel 1) 



Register 



Address Remarks 



Timer up-counter channel 1 
(TCNT channel 1) 



0054H 



7 6 5 4 3 2 1 



R«adAA/rit» FVWR/WR/WRAWRAWR/WR/W (VW 
Initial Valu* 0000000 



Timer constant register 0055H 
channel 1 (TCONR channel 1) 



I I I I I I I I 



Raad/Writa WWW 
InttlalValua 1 1 1 



Timer control/status register 
channel 1 (TCSR channel 1) 



0056H 



Bit Nam* CMF ECMI 



RaadA/Vrita 
Inttial Vaiua 



1ME T081 TOSO CKS1 CK80 



BAN WN 



Comoara Match Flag 


TImar Enabia 


Input Clock Salact 


TCNT and TCONR 


Count stop 


00 BC 


ara not aqual 


1 Count start 


01 BC/8 


1 TCNT and TCONR 




10. 8C/128 


ara aqual 




11- Extamal avant 
count signal 



CMF Intarrupt Enabia 

Olsabia 

1 Enabia 



Tlitwf Output Salac t 

00 Output (ixad to 

01 Togglad output 

10 Output 

11 Output 1 



Timer expand prescale register 0057H 
channel 1 (TEPR channel 1) 



Enabia Expand Prascaler 

Clock IS salactad by tha CKS1 -0 bits in TCSR 

1 Clock » salactad by tha ECKS2-0 bits m TEPR 



Expand Clock Input Select 

000 BC 

001 BC/2 

010 BC/4 

011 BC/8 

100 BC/16 

101 BC/32 

110 BC/64 

111 BC/128 
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■ Built-in Registers (cont.) 

DMAC (channel 0) 

Register Address Remarks 

Destination addiess register 
L channel 0/buffer address 
register L channel 
(DARL channel 0/ 
BARL channel 0) 



Destination address register 0059H 
H channel 0/buffer address 
register H channel 
(DARH channel 0/ 
BARH channel 0) 

Destination address register 005AH 
B channel 0/buffer address 
register B channel 
(DARB channel 0/ 
BARB channel 0) 



0058H 



Singlt-block transfer mod* 



Singla-blocfc trantfar moda 



Chainad-btocfc tranafar 



Source address register 005BH 
L channel (SARL channel 0) 

Source address register 005CH 
H channel (SARH channel 0) 

Source address register 005DH 
B channel 0/chain pointer base 
channel (SARB channel 0/ 
CPB channel 0) 



Single-block tranafar moda 
(dual address) 


Unused 


SARB 


SARH 


SARL 


Single-block transfer mode 
(single address) 


Chained-bk>ck transfer 
mode 


Unused 




Unused 


Unused 
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■ Built-in Registers (cont.) 

DMAC (channel 0) 

Register Address Remarks 

Current descriptor address 005EH 
register L channel 
(CDAL channel 0) 



Current descriptor address OOSFH 
register H channel 
(CD AH channel 0) 





15 B 


7 










Singls-block tr«nsf«r mod* 
(duia addrMS) 


Unui*d 


UnuMd 


Singb-block tran«f«r mod* 
(singt* addr**!) 


Chain*d-block trancf*r 
mod* 


CDAH 


CDAL 



Error descriptor address register 0060H 
L channel (EDAL channel 0) 

Error descriptor address register 006 IH 
H channel (ED AH channel 0) 



Receive buffer length L 
channel (BELL channel 0) 



0062H 



Receive buffer length H 
channel (BFLH channel 0) 



0063H 



Sin^*-biock trantl*r mod* 
(dualaddwss) 


Unus*d 


Unutad 


Singl*-block transfar mod* 
(singi* addrau) 


Ctiainad-blocklransfar 
mod* 


EOAH 


EOAL 



Stngl*-bloek tran«f*r moda 






(dual addrass) 


Unused '• 


Unus*d 


Singl*-blocfc transfar moda 
(aingla addrass) 




Unusad • Unussd 




BaH 


BFLL 



Byte count register L channel 0064H 
(BCRL channel 0) 

Byte count register H channel 0065H 
(BCRH channel 0) 





15 8 


7 










Single-block transf*r mod* 
(dual address) 


BCRH 


Bcn. 


Single-block transfer mod* 
(singI* addrsss) 


Chamed-block transfer 
mode 



Unused 0066H 
Unused 0067H 
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■ Built-in Registers (cont.) 
DMAC (channel 0) 



Register 



Address Remarks 



DMA status register channel 
(DSR channel 0) 



0068H 





7 


6 


5 


4 


3 


2 


1 





Singla-block transfar 
mod* (dual addrtw) 


















Singla-block transfer 
mod* (tingla addratt) 


EOT 












OE 




Chainad-block trancfar 
moda 




EOM 


BOF 


OOF 










Raad/WrKa 


rvw 


fVW 


RAV 


mt 






FVW 


W 


IniUal Valua 























1 



Transfar not oomplatad 

1 Transfar oomplatad 



Countar Ovarflow 

• Chalnad-block transfar 
0: Error not datactad 
1. Error datactad 



Buffar OvafflowAJndarflow 
• Chainad block transfar 
0: Enror not datactad 
1 Error datactad 



End of Frama Transfer 

• Chainad-block transfar 

0- Frama transfar not oomplatad 

1 . Frama transfar oomplatad 



DMA mode register A 
channel (DMRA channel 0) 



0069H 





7 


6 


5 


4 


3 


2 


1 





Singla-block transfar 
moda (dual address) 


















Slnala-bk>ck transfar 
moda (single address) 


RSEL1 


RSELO 


AMOO 


TMOD 


RT 




CHTB 


DMS 


Chalned-block transfer 
mode 












NF 







Read/Wrtte 
Initial Value 



00 External line 
01: Reserved 
10: MSCI 
11- Reserved 



DMA Transfer Directton 
• Single-block 



Cfiained-bk)ck modes 
0: MSCI to memory 
1 Memory to MSa 



DMA Transfer Mode 
00- Singte-bk>ck transfer 

(single address) 
01 . Chalnad-bk>ck transfer 
10: Single-bkKk transfer 

(dual address) 
11:Resenred 



DREO Input Mode 

• Single-bkxk 
( dual ad dress) 



1 : DREQ edge sensitive 

• Single-bk)ck 
(single address)/ 
Chained-bk)ck modes 

Set this bk too 



• Singie-btock transfer 
(single/dual address) 

Set this bit too. 

• Chained-bktcktransffer 

0. Frame-end Interrupt-counter disablsd 
1 Frame-end intemipt-counter enabled 



Number of DMA Frames 

• Chained-block transfers 
Single frame 



DMA mode register B 
channel QDMRB channel 0) 



006AH 



Single-block transfer 
mode (dual address) 








DM1 


DM0 


SMI 


SMO 


MMOO 


Single-bkx^ transfer 
mode (single address) 


















Chalned-block transfer 
mode 



















Destinatton (address Increment or decrement) Source (address increment or decrement) 



• Single-bkxk (dual address) 
00: Memory (+1) 
01: Memory (-1) 
10: Memory (fixed) 
11:IX>(fixed) 



• 8ingle-bk>ck (dual address) 
00: Memory (>1) 
01 : Memory (-1) Mode for Memory-to-Memory 

10: Memory (fixed) Transfers 
11.10 (fixed) 

• Single-block (dual address) 
0: Cycle steal mode 
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■ Built-in Registers (cont.) 
DMAC (channel 0) 



Register 



Address Remarks 



006BH 




7 


« 


S 


4 


3 


2 


1 







Single-block tranafw 
mod* (dual addraas) 




















SIngla-block tranafar 
moda (aingia addraaa) 
















- 




Chalnad-biock tranafar 










FCT3 


FCT2 


FCT1 


FCTD 


R*«d/Wrii« 










R 


R 


R 


R 


Initiat Vahi* 




































Frame-End Interlpt-Counter 


Value 


006CH 




7 


6 


5 


4 


3 


2 









Singla-block transfer 
mode (dual address) 




















Single-block transfer 
mode (single address) 


EOTE 


















Chained-block transfer 
mode 




EOME 


BOFE 


COFE 










Raad/Wnte 


rwi 


PAN 




BAN 











Frame-end interrupt-counter 
channel (FCT channel 0) 



channel (DIR channel 0) 



Counter Oveiflow 

Interrupt Enable 

• Chained-block transfer mode 

0- Disable 

1 Enable 



Enable 
> Chained-block transfer m 



Buffer Overftow/Undertk>w 
Interrupt Enable 

• Chained-btock transfer mode 



DMA command register 
channel (DCR channel 0) 



006DH 





7 


6 


S 


4 


3 


2 


1 





Single-bk>ck transfer 
mode(dual address) 


















Single-block transfer 
mode(single address) 














CMD1 


CMDO 


Chalned-bkMic transfer 
mode 



















Command Name 



Software abort (OIH) 



Frame-end interrupt - 
counter-clear (02H) 



Unused 
Unused 



006EH 
006FH 



w w 



Command SpacHlcatlon 



10: Frame-and interrupt- 

oountar-daar 
Otiwra: Raaaivad 



Initializes the corresponding DMAC channel (see figure 6-2). All 
DMAC registers maintain their previous value. 



Qears the frame-end intemipt-counier (FCT) of the corresponding 
DMAC channel to OH and the EOM bit in the DSR to 0. 
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HD64180S 



■ Built-in Registers (cont.) 
DMAC (channel 1) 



Register 



Address Remarks 



Destination address register 0070H 
L channel 1/buffer address 
register L channel 1 (DARL 
channel 1/BARL channel 1) 

Destination address register 007 IH 
H channel 1/buffer address 
register H channel 1 (DARH 
channel 1/BARH channel 1) 



Singla-block transfer moda 
(dual addrsss) 


Unused 


DARB 


DARH 


DARL 


Sir)gla-btock trar<sfer moda 
(single address) 


Chalnsd-block transfer 
mode 


Unused 


BARB 


BARH 


BARL 



Destination address register 
B channel 1/buffer address 
register B channel 1 (DARB 
channel 1/BARB channel 1) 



0072H 



Source address register (X)73H 
L channel 1 (SARL channel 1) 

Source address register 0074H 
H channel 1 (SARH channel 1) 





« B ■ » 

23 16 


« H » 

15 8 


7 
















Singla-block transfer mode 
(dual address) 


Unused 


SARB 


SARH 


SARL 


Single-block transfer mode 
(single address) 


Chainad-btock transfer 
mode 


Unused 


CPB 


Unused 


Unused 



Source address register 0075H 
B channel 1/chain pointer base 
channel 1 (SARB channel 1/ 
CPB channel 1) 



Current descriptor addr'^ss (X)76H 
register L channel 1 
(CD AL channel 1) 



Current descriptor address (X)77H 
register H channel 1 
(CDAH channel 1) 
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Single-block transfer mode 
(dual address) 


Unused 


Unused 


Single-block transfer mode 
(single address) 


Chained-block transfer 
mode 


CDAH 


CDAL 



HD64180S 



■ Built-in Registers (cont.) 

DMAC (channel 1) 

Register Address Remarks 



Error descriptor address register (X)78H 
L channel 1 (EDAL channel 1) 

Error descriptor address register 0079H 
H channel 1 (EDAH channel 1) 





m H m 

IS 8 


«• L m 

7 










Sbigls-fatack traniiw mod* 
(duirtaddMM) 


UnuMd 


Unustd 


SIngla-bloek trcnator mod* 
(tlnol* addrww) 


OwinMl-blooktranaicr 


EOAH 


EOAL 



Receive buffer length L 
channel 1 (BFLL channel 1) 



007 AH 



Receive buffer length 007BH 
H channel 1 (BFLH channel 1) 



Chalnsd-btock MwnwytoMSCI 



nwKto MSCItonwnwy ' 



Byte count register L channel 1 007CH 
(BCRL channel 1) 

Byte count register H channel 1 007DH 
(BCRH channel 1) 





m H • 

1$ 8 


m L • 

7 










Singl«-block transfer modt 
(dual addrass) 


BCRH 


BCRL 


Singla-block tranalar moda 
(singia addrass) 


Chainad-blocfc transfsr 
moda 



Unused 007EH 
Unused 007FH 



DMA status register channel 1 
(DSR channel 1) 



0080H 



Slngla-btoek traiufar 
moda (dual addraaa) 


















SIngla-block translar 
moda (sirtgia addrass) 


EOT 












DE 




Chainad-block transfar 




EOM 


BOf 


OOF 











H 

gndpfTranffff 

0- Transfar not oompMad 
1 : Tranafar oompiatad 



0:En«rnotdataGlad 
1: Error datsdad 



BuWar OvartlewAJndartlow 



OEnwnotdatadad 
1: Error datadad 



End of Frama Transfar 

• Chainad-Wock transfar 

Frama transfar not oompiatad 



pgBHWHta^at^ 
OEnabIa 
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■ Built-in Registers (cont.) 
DMAC (channel 1) 



Register 



Address Remarks 





7 


6 


5 


4 


3 


2 


1 





Singla-block transfar 
rnoda (dual addraas) 


















Singla-block trantfar 
moda (singia addraas) 


RSEL1 


RSELO 


AMOO 


TMOO 


m 




CNTE 


OMS 


Chainad-biock tranafar 










NF 






Raad/Wrila 


FVW 


RW 


(VW 


FVW 




R/W 


R/W 


RAV 



DMA mode register A channel 1 008 IH 
(DMRA channel 1) 



00: Extamal llna 
01 Rasarvad 

10 MSCI 



DMA Transfaf DIfection 



• Singla-bbck 

(lingla addrass)/ 
Chainad-bkx:k modas 
MSCItomamory 
1;MamorytoMSCI 



DMA Tranater Moda 
00- Slnala-bk>ck tranafar 

(•ingia addrasa) 
01 Chainad-btock tranafar 
10. Singla-bk)ck tranafar 

(dual addrasa) 
11 Rasarvad 



DREQ Input Moda 

• Singla-bk)ck 
( dual ad draas) 

0. DREQ laval sansttiva 
1'DREOadgasansltlva 

• Singls-btock 
(singia addrasa)/ 
Chainad-btock modas 

Sat this bit to 



• Singla-bbck Iransfar 
(singla/dual addraas) 

Sat this bit too 

• Chainad-bk)ck transffer 

0: Frama-and intamjpt-eountar disabled 



NumbarofDMAFramas 

• Chainad-block transfars 

Singia frama 

1 Muhi-frama 



DMA mode register B channel 1 0082H 
(DMIIB channel 1) 



Singla-bkMk tranafar 
moda (dual addrass) 








DM1 


DM0 


SMI 


SMO 


MMC» 


Singla-bkxk tranafar 
moda (singia addraaa) 

Chainad-bkMk tranafar 













01.Mamo(y(-1) 
10. Mamory (fixad) 
11 l/0(flxad) 



ir 



ir 



• Singla-bkKk (dual addrass) 



Soufca (addrass Incramant or dacramant) 
• Singla-bkKk (dual addraas) 
00 Mamory (-i-l) 
01 : Mamory (-1) Moda for Mamofy-to-Mamory 

10: Mamoiy (fixad) Tranafara 
11 lO(llxad) 

• Slngla-bk)ck (dual addraaa) 
Cyda staal moda 



Frame-end interrupt-counter 
channel 1 (FCT channel 1) 



0083H 



FCT3 FCT2 FCTI 



Frama-End Intamipt-Countar Valua 
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■ Built-in Registers (cont.) 
DMAC (channel 1) 



Register 



Address Remarks 



DMA interrupt enable register 
channel 1 (DIR channel 1) 



0084H 





7 


6 


S 


4 


3 


2 1 





Singla-bhx^k transfar 
moda (dual addrata) 


















Singla-block transfar 
moda (singia addraas) 


EOTE 
















Chainad-block tranafar 




EOME 


BOFE 


COFE 










Raad/Writa 


tViN 




mi 


RAW 











Countar Ovarflow 
lntarfup< Enabia 
• Chainad-bloek tranafar moda 
Dtaabia 



• ChairMd-block tranafar ir\ 

Diaabia 

1 Enabia 



Buffar OvarflowAJndarflow 
Intarrupt Enabia 

• Chatnad-block tranafar moda 

DisaMa 

1 Enabia 



DMA command register 
channel 1 (DCR channel 1) 



0085H 





7 


6 


S 


4 


3 


2 


1 





Singla-block tranafar 
moda(dual addraas) 


















Singla-block tranafar 
moda(slngla addraaa) 














CM01 


CMOO 


Chainad-block tranafar 



















Command Name 



Software abort (OIH) 



Frame-end interrupt - 
counter-clear (02H) 



Olhara: Raaatvod 

Function 

Initializes the corresponding DMAC channel (see figure 6-2). All 

DMAC registers maintain their previous value. 

Qears the fhune-end interrupt-counter (FCT) of the corresponding 
DMAC channel to OH and the EOM bit in the DSR to 0. 



Unused 
Unused 



0086H 
0087H 



Reserved 0088H 

I 

OODFH 
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Built-in Registers (cont.) 



External I/O (LOW) 



Register 


Address 


Remarks 


lOL 


OOEOH 
1 

OOEFH 




External I/O (HIGH) 


Register 


Address 


Remarks 


lOH 


OOFOH 
1 
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HD641180X, HD643180X, HD647180X 

MCU (Micro Controller Unit) 



■ DESCRIPTION 

The HD643180X provides instruction compatibility with the 
HD64180 and incorporates a 16-kbyte Mask ROM, 512-byte RAM, 
memory management unit (MMU), DMA controller, timer, asyn- 
chronous serial communications interface (ASCI), clocked serial 
I/O ports (CSI/O), analog comparator and parallel I/O pins on a 
single chip. 

The HD647180X incorporates a 16-kbyte PROM instead of mask 
ROM. 

The internal PROM can be programmed and verified under the 
same specifications as the 27256 type EPROM (Vpp 12.5V) using a 
general -purpose PROM writer. 

In addition, the HD643180X and HD647180X are functionally 
identical except for their internal ROMs. 

The HD641180X functions in the same way as the HD643180X or 
HD647180X, except that the HD641180X has no internal ROM. 

■ FEATURES 
Software 

• Instruction set compatible with the HD64180 
Hardware 

• 16-kbyte ROM (HD643180X and HD647180X) and 5i2-byte 
RAM 

• Timer 

—One-channel 16-bit timer with input capture, output 

compare, and timer overflow functions 
—Two-channel 16-bit reload timer 

• Six-channel analoag comparator 

• 54 parallel I/O pms 

—Includes eight high current pins (Iol= 10mA) 

• MMU with 1 -Mbyte memory physical address space 

• Two-channel DMA controller 

• Two-channel ASCI 

• One-channel CSI/O 

• Four external and eleven internal interrupts 

• DRAM refresh controller and low speed memory, I/O 
interface 

• Operating frequency up to 8 MHz ((j) clock) 

• Low power operation 

• Four operation modes (HD643180X and HD647180X) 
—Mode 0: single-chip mode 

—Mode 1 : expanded mode (internal ROM disabled) 
—Mode 2: expanded mode (internal ROM enabled) 
—Mode 3: PROM programming mode (HD647180X only) 

• Internal ROM data protect function (HD647180X only) 

• Packages 

— 80-pin quad flat package 
—84-pin plastic leaded chip carrier 
— 90-pin dual inline package 



■ BLOCK DIAGRAM 

The HD647180X combines a high-performance CPU core with 
many of the systems and I/O resources required by a broad 
range of applications (figure 2). 

The CPU core consists of five functional blocks 

• Clock generator 

• Bus state controller 

• Interrupt controller 

• Memory management unit (MMU) 

• Central processing unit (CPU) 

The Integrated I/O resources comprise the remaining four 
functional blocks. 

• DMA controller (DMAC- two channels) 

• Asynchronous serial communication interface (ASCI: two 
channels) 

• Clocked serial I/O port (CSI/O. one channel) 

• Programmable reload timer (PRT. two channels) 

• Programmable timer 2 (PT2- one channel) 

• Analog comparator (six channels) 

• I/O ports 

The memory consists of: 

• RAM (512 bytes) 

• PROM (16 kbyte). HD647180X 

• Mask ROM (16 kbyte): HD643180X 
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Pin Assignment 



Figure 1 showsatop viewof theHD641180X, HD643180X and HD647180X packages. Table 1 
shows the pin functions in the four modes. 



nn nn nn mm n nn n nn 



NMlC I 
INToC^ 
INT, C 3 

PCoCe 

PC3C9 

PC^Cn 
PCsC:-^ 

pccu 

PDoC '5 
PDiQ 16 

P02[i; 1; 

PD^CI 20 
PDsC 2' 

PD7C22 

PEoC" 
PE.C^^ 



uuuuuuuuuuuuuuuu 



(FP-80B) 



nnnnnnnnnnnnnnnnnnnnn _ 



64 □PBb 
63 □PBe 

62 □PBj 

61 □ TENI5. /PA7 

6o^i3Rro;/PA6 

59^CKS/PA6 

58 □RXS/CT5',/PA4 

57 □TXS/P A3 

se^CKAi/TEHCo/P/^ 

55^RXA,/PA, 

54 □TXA,/PAo 

53 □ic 
52 □touts 

51 □T0UT2 
50 □CKAo/DREQo 
49 □RXAo 
48 □ TXAo 

47 □ dcd^ 

46 □CT5"o 
45^RTSi 

44^PGs.AN6 




BPS? 
TEN! 



TENP"i /PA? 
]DREQ,/PA6 
J CKS/PAs 

I □ rxs/cts;/pa4 

< □ TXS/PA3 

68^CKA,/TENC)o/PA2 

67 □ RXAi/PAi 
66 □ TXA,/PAo 

q,c 

I □ NC 

< □ T0UT3 
> □ T0UT2 

□ CKAo/(5RK£ 

□ RXAo 
TXAo 

□ CTS-o 
PG5/AN5 



uuuuuuuuuuuuuuuuuuuuu 



MPoC 






□ MPi 


XTALC 






EXTALC 




z 


□ Vss 


VccC 






□ PBo 






86 


□ PBi 


PEeC 






□ PB2 


PEsC 




84 


□ PB3 


reSeTC 






□ PB4 


NMIC 




82 


□ PB5 


TNT5C 






□ PB6 


NCC 






□ NC 


NCC 






PNC 


intTc 


13 




PPB7 


INT2C 






□ TEND^/PAy 


PE4C 


15 




□ DRE?ri/PA6 


PCoC 






□ CKS/PA5 


PCiC 






□ RXS/CTS1/PA4 


PC2C 






□ TXS/PA3 


PC3C 




72 


□ CKAi/TERDVPA 


VssC 






□ RXA1/PA1 


PC4C 






□ TXA1/PA0 


PC5C 


22 


69 


□ IC 


VssC 




88 


□ Vss 


PCeC 






□ T0UT3 


PCyC 


25 


68 


□ T0UT2 


PDoC 






□ CKAo/DREQo 


PDiC 






□ RXAo 


PD2C 


28 




□ TXAo 


PD3C 






□ DCDo 


PDaC 






□ CTS5 


PDsC 






□ RTS^ 


PDeC 






□ AN5/PG5 


PD7C 


33 




□ AN4/PG4 


NCC 


34 




□ NC 


NCC 


35 




□ NC 


PEoC 






□ AN3/PG3 


PEiC 






□ AN2/PG2 


PE2C 


38 




□ AN1/PG1 


T0UT1 C 


39 




□ ANo/PGo 


VccC 






□ Vss 


PE3C 




50 


□ PF7 


VssC 


« 




□ PFe 


PFoC 






□ PF5 


PFi C 






□ PF4 


PF2C 




46 


□ PF3 



u X 5 z 5 -s. > a 



1NT,[I 


lio " ° ^ ^ 








npB7 












HTENE'i/PAj 


PE4II 










3dre5^/pa6 


PCoC 










□ CKS/PA6 


pciC 










□ RXS/CT5T/PA4 












□ TXS/PA3 












□ CKA,/TEfJD^/PA 












□ RXAi/PA, 










□ txa,/pao 

□ ic 






( 


D 




NC P 










□ nc 


PCeL 










□ TOUTS 


PCC 










□ T0UT2 


PDoC 










□ CKAo/DREQo 


PDi [_ 










□ rXAo 


PD2IZ 










□ tXAo 


PDaC 










□ dC5"o 


PD4C 










□ CT55 


PDsC 










□ rts-o 


PDeC 










□ PG5/AN6 


PD7CI 




s g ; 






□ PG4/AN4 



UUUUUUUUUUUUUUUUUUUUU 



(CG-84) 



(DP-90S) 



Note) NC: Not connected. Please leave the NC pins open. 
Note) CG-84: HD647180X only 



Figure 1. Pin Assignment 
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r 


t 


t 
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t 
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C 


B 
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FiguiB 2. Block Diagram (HD643180X, HD647180X) 
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Address 
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N 


MMU 



PG5/AN5 - 
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PG3/AN3- 
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Analog 

Comparator 
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c 



Bus State Control 



CPU 



5f 



Interrupt 
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Reload 
Timer 
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ASCI 
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Clocked 
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-PA7/TEND1 
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Figure 3. Block Diagram (HD641180X) 
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Table 1 Pin Function (HD643180X, HD647180X) 



Pin No. 


Operating 
Mode 


Operating 
Mode 1 


Operating 
Mode 2 


Operating 
Modes 

lliDb**/ iBOA 
only) 


FP-80B 


CG-84 
CP-84 


DP-90S 


1 


10 


9 


NMl 






Ag 


2 


11 


10 










3 


12 


13 


iNTi 








4 


13 


14 




^ 


^ 




5 


14 


15 


PE4 


ST 




_ 


6 


15 


16 


PCo 


Ao 


— 


*- 


7 


16 


17 


PCi 


Ai 


— 




8 


1 7 


1 8 


PC2 


A2 




*- 


g 


1 8 


19 


PC 3 


A3 






10 


19 


20 


Vss 


— 


— 


— 


1 1 


20 


21 


PC4 


A4 


— 




12 


21 


22 


PCs 


As 




— 


1 3 


23 


24 


PC6 


Ae 






14 


24 


25 


PC 7 


Ar 






1 5 


25 


26 


PDo 


As 


Aa/PDo 


As 


16 


26 


27 


PDi 


A9 


A9/PD1 


- 


1 7 


27 


28 


PD2 


A10 


A10/PD2 


A10 


18 


28 


29 


PD3 


An 


A11/PD3 


All 


19 


29 


30 


PD4 


A12 


A12/PD4 


A12 


20 


30 


31 


PDs 


Al3 


A13/PD5 


Al3 


21 


31 


32 


PDe 


Al4 


A14/PD6 


Al4 


22 


32 


33 


PDz 


Ais 


A15/PD7 


OE 


23 


33 


36 


PEo 


A16 


Aie/PEo 


CE 


24 


34 


37 


PEi 


Al7 


A17/PE1 


- 


25 


35 


38 


PE2 


A18 


A18/PE2 


- 


26 


36 


39 


T0UT1 


— 


*— 


- 


27 


37 


40 


Vcc 








28 


38 


41 


PE3 


Ai9 


A19/PE3 


- 


29 


39 


42 


Vss 


— 






30 


40 


43 


PFo 


Do 




Oo 


31 


41 


44 


PFi 


Di 




O1 


32 


42 


45 


PF2 


D2 




O2 


33 


44 


46 


PF3 


D3 


— 


O3 


34 


45 


47 


PF4 


D4 




O4 


35 


46 


48 


PFs 


Ds 




O5 


36 


47 


49 


PFe 


De 




Oe 


37 


48 


50 


PFr 


D7 




O7 


38 


49 


51 


Vss 








39 


50 


52 


PGo/ANo 








40 


51 


53 


PG i/AN 1 








41 


52 


54 


PG2/AN2 









Notes: Same as previous column 
— No function 

For the HD641180X pin function, please refer to table heading Operation Mode 1. 
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Table 1 Pin Function (HD643180X, HD647180X) (cont.) 



Pin No. 


\/poraxiny 
ModeO 


Model 


Mode 2 


Operating 

(HD647180X 
only) 


FP-80B 


CG-84 
CP-84 


DP-90S 


42 


53 


55 


PG3/AN3 


* 






43 


54 


58 


PG4/AN4 






— 


44 


55 


59 


PG5/AN5 






— 


45 


56 


60 


RTSo 






— 


46 


57 


61 


CTSi 






— 


47 


58 


62 


DCDo 


* 




— 


48 


59 


63 


TXAo 








49 


60 


64 


RXAo 






— 


50 


61 


65 


CKAo/DREQo 




"* 


— 


51 


62 


66 


T0UT2 




*~" 


— 


52 


63 


67 


T0UT3 








53 


65 


69 


IC 






— 


54 


66 


70 


TXA1/PA0 






— 


55 


67 


71 


RXA1/PA1 






— 


56 


68 


72 


CKA1/TEND0/PA2 


^ — 


^ — 


— 


57 


69 


73 


TXS/PA3 


* — 


* — 


— 


58 


70 


74 


RXS/CTST/PA4 


* 




— 


59 


71 


75 


CKS/PA5 








60 


72 


76 


DREQ1/PA6 








61 


73 


77 


TEND1/PA7 








62 


74 


78 


PB7 


HALT 


* 




63 


75 


81 


PBe 


REF 


* 


— 


64 


76 


82 


PB5 


iOE 


* 




65 


77 


83 


PB4 


ME 




— 


66 


78 


84 


PB3 


E 




— 


67 


79 


85 


PB2 


LiR 


* 


— 


68 


80 


86 


PBi 


WR 




— 


69 


81 


87 


PBo 


RD 






70 


82 


88 


Vss 








71 


83 


89 


<A 








72 


84 


90 


MPi 




•4— 




73 


2 


1 


MPo 








74 


3 


2 


XTAL 








75 


4 


3 


EXTAL 








76 


5 


4 


Vcc 








77 


6 


5 


PE7 


WAIT 






78 


7 


6 


PEe 


BUSACK 






79 


8 


7 


PEs 


BUSREQ 






80 


9 


8 


RESET 






Vpp 






23 


Vss 












68 


Vss 
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■ CPU Architecture 

The five CPU core functional blocks are described in this section. 
Clock Generator 

The clock generator generates the system clock ((/>) from an external crystal or ex- 
ternal clock input. Also, the system clock is programmably prescaled to generate 
timing for the on-chip I/O and system support devices. 

Bus State Controller 

The bus state controller perfor ms all sta tus/control bus activity. This includes exter- 
nal bus cycle wait state timing, RESET, DRAM refresh, and master DMA bus ex- 
change. Generates 'dual-bus' control signals for compatibility with peripheral de- 
vices. 

Interrupt Controller 

The interrupts controller monitors and prioritizes the four external and eight internal 
interrupt sources. A variety of interrupt response modes are programmable. 

Memory Management Unit (MMU) 

Maps the CPU 64-kbyte logical memory address space into a 1 -Mbyte physical 
memory address space. The MMU organization preserves software object code com- 
patibility while providing extended memory access and uses an efficient 'common 
area -bank area' scheme. I/O accesses (64-kbyte I/O address space) bypass the 
MMU. 

Central Processing Unit (CPU) 

The CPU is microcoded to implement an upward-compatible superset of the 8-bit 
standard software instruction set. Many instructions require fewer clock cycles for 
execution and seven new instructions are added. 

Mode Selection 

Mode program pins, MPo and MPi determine the operation mode of the LSI (table 
4). 

■ I/O Resources 
DMA Controller (DMAC) 

The two channel DMAC provides high speed memory to/from memory, memory 
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to/from 1/0, and memory to/from memory-mapped I/O transfers. The DMAC fea- 
tures edge or level sense request input, address increment/decrement/no-change 
and (for memory to/from memory transfers) programmable burst or cycle steal 
transfer. In addition, the DMAC can directly access the full 1-Mbyte of physical 
memory address space (the MMU is bypassed during DMA) and transfers (up to 
64-kbyte in length) can cross 64-kbyte boundaries. 



Asynchronous Serial Communication Interface (ASCI) 

The ASCI provides two separate full-duplex UARTs and includes a programmable 
baud rate generator, modem control signals, and a multiprocessor communication 
format. The ASCI can use the DMAC for high-speed serial data transfer, reducing 
CPU overhead. 

Clocked Serial I/O Port (CSI/0) 

The CSI/0 half-duplex clocked serial transmitter and receiver can be used for sim- 
ple, high-speed connection to another microprocessor or microcomputer. 



Programmable Reload Timer ( PRT) 

The PRT contains two separate channels, each consisting of 16-bit timer data and 
16-bit timer reload registers. The time base is the system clock divided by 20 (fixed) 
and PRT channel 1 has an optional output allowing waveform generation. 



Programmable Timer 2 (PT2) 

The PT2 16-bit programmable timer can measure an input waveform and generate 
two independent output waveforms. The pulse widths of both input/output wave- 
forms vary from microseconds to seconds. 

Analog Comparator 

The HD641180X/HD643180X/HD647180X provides an analog comparator with 6 
channels. Each channel can be programmed as a reference voltage (Vref) input pin 
or a compared voltage (Vin) input pin. 

Input Output Port (I/O Port) 

The HD643180X/HD647180X provides seven I/O ports, (port A-G). Each port 
consists of a data direction register (DDR) to determine the directions of the in- 
dividual pins, an output data register (ODR) to hold output data and an input data 
register (IDR) to latch input date. However, Port G does not have a DDR or ODR since it is an 
input-only port. 
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■ Pins Signal Description 
XTAL, EXTAL: Crystal (Input) 

XTAL and EXTAL are the crystal oscillator connections. An external TTL clock 
can be input on EXTAL. XTAL should be left open if an external TTL clock is 
used. Note that XTAL. XTAL is schmitt triggered. See DC characteristics. 



</) (OUT) 

</) is the system clock output. Its frequency is equal to one-half of the crystal oscilla- 
tor's. 



RESET: CPU Reset (Input) 

When RESET is low, it initializes the HD641180X/HD643180X/HD647180X CPU. 
All output signals are held inactive during reset. 

A0-A19: Address Bus (Output, Three-State) 

The address bus enters the high-impedance state d uring reset and when another de- 
vice acquires the bus as indicated by BUSREQ and BUSACK low. During reset, the 
address function is selected. 

Do-Dy: Data Bus (Input/Output, Three-State) 

The bidirectional 8-bit data bus enters the high-im pedance st ate during res et and 
when another device acquires the bus as indicated by BUSREQ and BUSACK low. 

RD: Read (Output, Three-State) 

During a CPU read cycle, RD enables transfer from the external memory or I/O 
device to the CPU data bus. 

WR: Write (Output, Three-State) 

During a CPU write cycle, WR enables transfer from the CPU data bus to the ex- 
ternal memory or I/O device. 

ME: Memory Enable (Output, Three-State) 

ME indicates memory read or write operations. The HD641180X/HD643180X/ 
HD647180X asserts ME low in the following cases. 
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When fetching instructions and operands 
When reading or writing memory data 
During DMA memory access cycles 
During dynamic RAM refresh cycles 

TOE: I/O Enable (Output, Three-State) 

Toe indicates I/O read or write operations. The HD641180X/HD643180X/ 
HD647180X asserts lOE low in the following cases: 

When reading or writing I/O data 

During DMA I/O access cycles 

During INTo acknowledge cycle 



WAIT: Bus Cycle Wait (Input) 



WAIT introduces wait states to extend memory and I/O cycles. If low at the falling 
edge of T2, a w ait state (Tw) is inserted. Wait states will continue to be inserted 
until the WAIT input is sampled high at the falling edge of Tw, at which time the 
bus cycle will proceed to completion. 

E: Enable (Output) 

E is a synchronous clock for connection to HD63X x series and other 6800/6500 
series compatible peripheral LSIs. 



BUSREO: Bus Request (Input) 



Another device may request use of the bus by asserting BUSREQ ]ow. The CPU 
will stop executing instructions and place the address bus, data bus, RD, WR, ME, 
and lOE in the high-impedance state. 



BUSACK: Bus Acknowledge (Output) 



When the CPU completes bus release (in response to BUSREQ low), it will assert 
BUSACK low. This acknowledges that the bus is free for use by the requesting de- 
vice. 



HALT: Halt/Sleep Status (Output) 



HALT is asserted low after execution of the HALT or SLP instructions. Used with 
LIR and ST output pins to encode CPU status (table 2). 

LIR: Load Instruction Register (Output) 

LIR is asserted low when the current cycle is an opcode fetch cycle. Used with 
HALT and ST output pins to encode CPU status (table 2). 
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ST: Status (Output) 

ST is used with the HALT and LIR output pins to encode CPU status (table 2). 



Table 2 Status Summary 



ST 


HALT 


LIR 


Operation 





1 





CPU operation 
(1st opcode fetch) 


1 


1 





CPU operation 
(2nd opcode and 
3rd opcode fetch) 


1 


1 


1 


CPU operation 

(MC except for opcode fetch) 





X 


1 


DMA operation 











Halt mode 


1 





1 


Sleep mode (including 
System stop mode) 



Note X: Don't care 

MC: Machine cycle 



REF: Refresh (Output) 



When low, REF indicates that the CPU is in a dynamic RAM refresh cycle and the 
low-order 8 bits (Ao-A?) of the address bus contain the refresh address. 



NMI: Non-Maskable Interrupt (Input) 

When high to low is detected, it forces the CPU to save certain state information 
and vector to an interrupt service routine at address 0066H. The saved state infor- 
mation is restored by executing the REIN (return from non-maskable interrupt) in- 
struction. / 



INTq: Maskable Interrupt Level (Input) 

When low, INTo requests a CPU interru pt (un less masked) and saves certain state 
information unless masked by software. INTo requests service using one of three 
software programmable interrupt modes (table 3). 
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Table 3 Interrupt Modes 



Mode 


Operation 





Instruction fetched and executed from data bus 


1 


Instruction fetched and executed from address 003 8H 


2 


Vector system: Low-order 8 bits of vector table address fetched from data bus 



In all modes, the saved state information is restored by executing the RETI (return 
from interrupt) instruction. 



INTi, INT2: Maskable Interrupt Levels 1, 2 (Input) 

When low, INTi and INT2 request a CPU interrupt (unl ess m asked ) and save cer- 
tain state information unless masked by software. INTi and INT2 (and internally 
generated interrupts) request interrupt service using a vector system similar to mode 
2 of INTo. 



DREQo DMA Request— -Channel (Input) 



DREQo low (programmable edge or level sense) requests DMA trans fer serv ice 
from channel of the HD641180X/HD643180X/HD647180X DMAC. DREQo is 
used for c hannel memory to/from I/O and memory to/from memory-mapped I/O 
transfers. DREQo is not used for memory to/from memory transfers. This pin is 
multiplexed with CKAo. 



TENDq: Transfer End— Channel (Output) 



TENDo is asserted low synchronous with the last write cycle of channel DMA 
transfer to indicate DMA completion to an external device. This pin is multiplexed 
with CKAi. 



DREQ^: DMA Request— Channel 1 (Input) 



DREQi low (programmable edge or level sense) requests DMA transfer service 
from channel 1 of the HD641180X/HD643180X/HD647180X DMAC. Channel 1 
supports memory to/from I/O transfers. 



TENDi: Transfer End— Channel 1 (Output) 



TENDi is asserted low synchronous with the last write cycle of channel 1 DMA 
transfer to indicate DMA completion to an external device. 
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TXAq: Asynchronous Transmit Data— Channel (Output) 

TXAo is the asynchronous transmit data from channel of the asynchronous serial 
communication interface (ASCI). 

RXAq: Asynchronous Receive Data— Channel (Input) 

RXAo is the asynchronous receive data to channel of the ASCI. 
CKAq: Asynchronous Clock— Channel (Input/Output) 

CKAo is the clock input/ output fo r channel of the ASCI. This pin is multiplexed 
(software selectable) with DREQo. 

RTSq: Request to Send— Channel (Output) 

RTSo is the programmable modem control output signal for channel of the ASCI. 
CTSq: Clear to Send— Channel (Output) 

CTSo is the modem control input signal for channel of the ASCI. 

DCDq: Data Carrier Detect— Channel (Output) 

DCDo is the modem control input signal for channel of the ASCI. 

TXAi: Asynchronous Transmit Data— Channel 1 (Output) 

TXAi is the asynchronous transmit data from channel 1 of the ASCI. 

RXA^: Asynchronous Receive Data— Channel 1 (Input) 

RXAi is the asynchronous receive data to channel 1 of the ASCI. 

CKA^: Asynchronous Clock— Channel 1 (Input/Output) 

CKAi is the clock input/ output fo r channel 1 of the ASCI. This pin is multiplexed 
(software selectable) with TENDo. 

CTSi". Clear to Send— Channel 1 (Input) 

CTSi is the modem control input signal for channel 1 of the ASCI. This pin is 
multiplexed (software selectable) with RXS. 
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TXS: Clocked Serial Transmit Data (Output) 

Clocked serial transmit data from the Clocked Serial 1/0 Port (CSl/0). 
RXS: Clocked Serial Receive Data (Input) 

Clocked serial receive dat a to t he CSI/0. This pin is multiplexed (software selecta- 
ble) with ASCI channel 1 CTSi modem control input. 

CKS: Serial Clock (Input/Output) 

Input or output clock for the CSI/0. 
T0UT1 : Timer Output (Output) 

Pulse output from Programmable Reload Timer channel 1. 
AN0-AN5: Comparator (Input) 

AN0-AN5 input data to the analog comparator. Select two of these pins and apply 
the reference voltage (Vref) and the voltage to be compared (Vln) to them. 

PA0-PA7, PB0-PB7, PC0-PC7, PDo-PDy, PEo, PE7, PF0-PF7: Parallel Ports A-F 
(Input/Output) 

Ports A-F are 8-bit I/O ports. Each pin of each port can be individually configured 
as an input or output depending on the port data direction register. At reset, each 
port is initialized as an input port. 

PG0-PG5: Parallel Port G (Input) 

Port G is a 6-bit input port. 

IC: Input Capture (Input) 

IC inputs the input capture signal for timer 2. 

T0UT2, TOUTS: Timer Output 2, 3 (Output) 

T0UT2 and T0UT3 are timer 2's outputs. 

MPo, MPi: Mode Program 0, 1 (Input) 

The mode program pins, MPo and MPi, determine the operation mode of the MPU 
as shown in table 4. 
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Table 4. 


. Operating Mode Selection 


»n 




MPi 


MPo ROM RAM 


Operating Mode 


Applicable Wide-Range 





1 1 


0; Single chip mode 


HD643180X 
HD647180X 





1 E 1 


1; Expanded mode 1 


HD643180X 
HD647180X 
HD641180X 


1 


i i 


2; Expanded mode 2 


HD643180X 
HD647180X 


1 


1 1 - 


3; PROM programming mode 
(HD647180X only) 


HD647180X 



I: Internal E: External 

Select mode 1 (MPi - 0, MP2 = 1) for the HD641180X. 



Vcc, Vss: Power 

Vcc is power supply. Vss is the ground. 
■ Multiplexed Pins 

PA0/TXA1, PA1/RXA1, PA3/TXS, PAs/CKS, PA6/DREQ1, PA7/TEND1 



At reset, PAo/TXAi, PAi/RXAi, PAs/TXS, PAs/CKS, PAe/DREQi, and PA7 /TEND 1 
are configure d as port A input. They can be used as TXAi, RXAi, TXS, CKS, DREQi, 
and TENDi by setting the corresponding bit in the port A disable register to 1. 



PA2/CKA1/TEND0 



At reset, PA2/CKA1/TEND0 is configured as a port A input. The function of this 
pin depends on the combination of bit 2 in the port A disable register (DERA2) 
and the CKAID bit in the ASCI control register channel 1 (table 5). 



Table 5. PA2/CKA1/TEND0 State 



DERA2 


CKAID 


Pin Function 





0, 1 


PA2 


1 





CKAi 




1 


TENDo 



712 
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PA4/RXS/CTS1 



At reset, PA4/RXS/CTS1 is configured as a port A input. The function of this pin depends 
on the combination of bit 4 in the port A disable register (DERA4) and the CTSIE bit in 
the ASCI status register channel 1 (table 6). 



Table 6. PA4/RXS/CTS1 State 



DERA4 


CTSIE 


Pin Function 





0, 1 


PA4 


1 





RXS 




1 


CTSi 



CKAo/DREQo 



CKAo/DREQo is configured as the CKAo at reset. When either the DM 1 or SMI bit of 
the DMA mode registers 1, this bit is forcibly configured as the DREQo input, even if it 
has been configured as an output pin. 

PGo/ANo, PG1/AN1, PG2/AN2, PG3/AN3, PG4/AN4, PG5/AN5 

These pins cannot be configured as parallel port input pins (TTL-level input pins) al- 
ternate with analog comparator input pins. When using these pins as a TTL input 
port, read the port G input data register (IDRG). 

When using these pins as an analog comparator's channel input, read the compara- 
tor control/status register (CCSR). 
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■ Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Input Voltage 


V,n 


-0.3 to Vcc+0.3 


V 


Operating Tennperature 


"^opr 


- 20 to + 75 


°c 


Storage Temperature 




- 55 to + 1 50 





Note: Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should 
be under recommended operating conditions. If these conditions are exceeded, it could effect 
reliability of LSI. 

Storage Temperature of the HD647180X is Tgtg 55 ~ 4- 125"C. 



■ ELECTRICAL CHARACTERISTICS 

• DC Characteristics (Vcc = 5V ± 10%, Vss = OV, Ta = -20 to + 75 ^C, unless 
otherwise noted) 



Symbol 


Item 


Min 


Typ 


Max 


Unit 


Condition 


V,H1 


Input High Voltage 
RESET, EXTAL, NMI 


Vcc- 0.6 




Vcc+0.3 


V 




V,H2 


Input High Voltage 

Except RESET, EXTAL, NMI 


2.0 




Vcc+0 3 


V 




V,L1 


Input Low Voltage 
RESET, EXTAL, NMI 


-0.3 




0.6 


V 




V.L2 


Input Low Voltage 

Except RESET, EXTAL, NMI 


-0.3 




0.8 


V 




VoH 


Output High Voltage 


2.4 






V 


loH = -200 m A 




All outputs 


Vcc- 1 2 








l0H= -20 m A 


Vol 


Output Low Voltage 
All Outputs 






0.45 


V 


Iql = 2.2 mA 


l|L 


Input Leakage 

Current All Inputs 

Except XTAL, EXTAL, RESET 






1 


mA 


Vin=0.5to Vcc - 0-5 V 


hi 


Three State Leakage 
Current 






1.0 


fjiA 


Vin=0.5 to Vcc - 0-5 V 


'cc 


Power Dissipation 




20 


40 


mA 


f = 4 MHz 


(Note) 


(Normal Operation) 




25 


50 




f = 6 MHz 








30 


60 




f = 8 MHz 




Power Dissipation 




5 


10 


mA 


f = 4 MHz 




(System Stop Mode) 




6.3 


12.5 




f = 6 MHz 








7.5 


15 




f = 8 MHz 


Cp 


Pin RESET 
Capacitance Except 
RESET 






120 
20 


pF 


Vin=OV, f=1 MHz 
Ta=25°C 



Note. V,Hm,n = Vcc ~ 10 V, V,Lmax = 0.8 V (All inpu t pins except RESET, EXTAL NMI) 
V,Hm.n = Vcc " 0.6 V, V.l^q, = 0.6 V (RESET, EXTAL, NMI) 
(all output terminals are at no load.) 
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Symbol Item Min Typ Max Unit Condition 



V,HP 


Input 

High-Level 
Voltage 




20 


Vcc + 0.3 


V 




V,LP 


Input 

1 rt\A/-l o\/ol 

Voltage 




-0.3 


08 


V 




VqHP 


Output 
High-Level 




2.4 





V 


IOH=-200 /I A 




Voltage 




Vcc- 1 2 - 


— 




loH=-20 /U.A 


VoLP 


Output 
Low-Level 






0.45 


V 


* loL= 2.2 mA 




Voltage 






1.0 




\q^= 1 mA 


V,n 


Analog 


High level 


Vref+01 - 




V 






Comparator 


Low level 




Vref- 01 






Vref 


Input Level 
Voltage 


Vth 





Vcc X 0.8 


V 




'iLP 


Input Leak 
Current 






1.0 




V,n=0.5 to 
Vcc - 0.5 



Note. *: Port A-F 

Port F onV 
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• AC Characteristics (Vss = OV, Ta = -20 to + 75 °C, unless otherwise noted) 







HD641180X-4 


HD641180X-6 


HD641180X-8L 








HD643180X-4 


HD643180X-6 


HD643180X-8L 








HD647180X-4 


HD647180X-6 


HD647180X-8L 




Symbol 


item 


min 


max 


min 


max 


min 


max 


unit 


Vcc 


Power Supply 


45 


55 


45 


55 


4 75 


5 25 


V 




Clock Cycle Time 


250 


2000 


162 


250 


125 


250 


ns 


^CHW 


Clock High Pulse Width 


110 




65 




50 




ns 


*CLW 


Plr»rk 1 niA/ PiiIqp Width 


110 




65 




50 






tcf 


Clock Fall Time 




1 5 




1 5 




1 5 


ns 


tor 


Clock Rise Time 




1 5 




1 5 




1 5 


ns 


*ECYC 


External Clock Cycle Time 


125 


1000 


81 


125 


62 5 


125 


ns 


^EXHW 


External Clock 
High Pulse Width 


50 




30 




25 




ns 


^EXLW 


Extemal Clock 
Low Pulse Width 


50 




30 




25 




ns 


tEXr 

(Note 1) 


Extemal Clock 
Rise Time 


- 


25 


- 


25 


- 


25 


ns 


^EXf 

(Note 1) 


Extemal Clock 
Fall time 


- 


25 


- 


25 


- 


25 


ns 


tAn 

•■AD 


Address Delay Time 


_ 


100 


— 


75 


— 


65 


ns 


tAS 


Address Set-up Time 
(ME or lUC |) 


50 


_ 


30 


_ 


20 


_ 


ns 


tMEDI 


ME Delay Time 1 




75 




45 




45 


ns 


'^RDDI 


RD Delay Time 1 IOC= 1 


_ 


75 


_ 


45 


_ 


45 


ns 




ioc=o 


_ 


80 


_ 


50 


_ 


45 




^LDI 


LIR Delay Time 1 


_ 


100 


_ 


80 


_ 


70 

(Note 2) 


ns 


tAH 


Address Hold Time 1 
(ME, IUE, RD or WR |) 


80 


- 


35 


- 


20 


- 


ns 


tMED2 


ME Delay Time 2 




75 




45 




45 


ns 


tRDD2 


RD Delay Time 2 


— 


75 


— 


45 


_ 


45 


ns 


^102 


LiR Delay Time 2 


- 


100 


- 


80 




70 

(Note 2) 


ns 


^DRS 


Data Read Set-up Time 


60 




55 




45 




ns 


^DRH 


Data Read Hold Time 





- 





- 





- 


ns 


tSTDI 


ST Delay Time 1 




1 10 




90 




70 


ns 


tSTD2 


ST Delay Time 2 




1 10 




90 




70 


ns 


^WS 


WAIT Set-up Time 


80 




40 




40 




ns 


^WH 


WAIT Hold Time 


70 




40 




40 




ns 


^WDZ 


Write Data Floating 
Delay Time 




100 




95 




70 


ns 


^WRDl 


WR Delay Time 1 




80 




50 




45 


ns 


twDD 


Write Data Delay Time 




110 




90 




80 


ns 


twos 


Write Data Set-up Time 
(WR |) 


60 




40 




20 




ns 



Note 1 Extemal clock rise/fall time d^^r- ^xf^ "^^V shortened for satisfying extemal clock pulse width (t^xnw- %xlw^ 

Note 2 For a loading capacitance of less than or equal to 40 picofarads and operating temperature from to 50 degrees, substract 10 nanoseconds 
from the value given in the maximum columns 
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HD641180X-4 


HD641180X-6 


HD641180X-8L 








HD643180X-4 


HD643180X-6 


HD643180X-8L 








HD647180X-4 


HD647180X-6 


HD647180X-8L 




Symbol 


Item 


min 


max 


min 


max 


min 


max 


unit 


^WRD2 


WR Delay Time 2 




80 




50 




45 


ns 


*WRP 


WR Piikp Wirith 
vvr\ 1 uioc vvnjiii 


280 




170 




130 








Write Data Hold Time 
(WR |) 


60 


- 


40 


- 


15 


- 


ns 


^lODI 


lOE Delay Time 1 I0C= 1 


- 


75 


- 


45 


- 


45 


ns 




IOC=0 




80 












t|0D2 


lOE Delay Time 2 




75 




45 




45 


ns 


t|0D3 


lOE Delay Time 3 
(LIR |) 


540 




340 




250 




ns 


t|NTS 


INT Set-up Time 
(0 1) 


80 


- 


50 


- 


40 


- 


ns 


t|NTH 


INT Hold Time 

(0 i) 


IKJ 




Ar\ 
*+u 








ns 




NMI Pulse Width 


120 




120 


_ 


100 


_ 


ns 


^BRS 


BUSREQ Set-up Time 

{(f) [) 


80 


_ 


50 


_ 


40 


_ 


ns 


tgp^ 


BUSREQ Hold Time 

(0 i) 


70 


_ 


40 


_ 


40 


_ 


ns 




BUSACK Delay Time 1 


_ 


100 


- 


95 


- 


70 


ns 




BUSACK Delay Time 2 


- 


100 


- 


95 


- 


70 


ns 


tBZD 


Bus Floating Delay Time 


- 


130 


- 


125 


- 


90 


ns 


"■MhWH 


ME Pulse Width (HIGH) 


200 


- 


110 


- 


90 


- 


ns 


^MEWL 


ME Pulse Width (LOW) 


210 


- 


125 


- 


100 


- 


ns 


%D1 


REF Delay Time 1 


- 


110 


- 


90 


- 


80 


ns 


%D2 


REF Delay Time 2 


— 


110 


— 


90 


— 


80 


ns 


^HADl 


HALT Delay Time 1 


- 


110 


- 


90 


- 


80 


ns 


tHAD2 


HALT Delay Time 2 


— 


110 


— 


90 


— 


80 


ns 


bPQS 


DREQi Set-up Time 


80 


— 


50 


— 


40 


— 


ns 


tORQH 


DREQi Hold Time 


70 




40 




40 




ns 




TENDi Delay Time 1 




85 




70 




60 


ns 


tTED2 


TENDi Delay Time 2 




85 




70 




60 


ns 


^EDI 


Enable Delay Time 1 




100 




95 




70 


ns 


tED2 


Enable Delay Time 2 




100 




95 




70 


ns 


PWEH 


E Pulse Width (HIGH) 


150 




75 




65 




ns 


PWEL 


E Pulse Width (LOW) 


300 




180 




130 




ns 
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HD641180X-4 
HD643180X-4 
HD647180X-4 


HD641180X-6 
HD643180X-6 
HD647180X-6 


HD641180X-8L 
HD643180X-8L 
HD647180X-8L 




Symbol 


Item 








max 


min 


max 


unit 


%r 


Enable Rise Time 


_ 


25 


_ 


20 




20 


ns 


% 


Enable Fall Time 


— 


25 


— 


20 


— 


20 


ns 




Timer Output Delay Time 




300 




300 




200 


ns 


*STDI 


CSI/0 Transmit Data Delay Time 
(Intemal Clock Operation) 


- 


200 


- 


200 


- 


200 


ns 


tSTDE 


CSI/0 Transmit Data Delay Time 
(External Clock Operation) 


- 


7.5tcyc 
+ 300 


- 


7.5tcyc 
+ 300 


- 


7.5tcyc 
+ 200 


ns 


tSRSI 


CSI/0 Receive Data Set-up Time 
(Intemal Clock Operation) 


1 


— 


1 


— 


1 


— 


tcyc 


tSRHI 


CSI/0 Receive Data Hold Time 
(Intemal Clock Operation) 


1 


- 




- 




- 


tcyc 


tSRSE 


CSI/0 Receive Data Set-up Time 
(External Clock Operation) 


1 












tcyc 


tSRHE 


Loi/u Keceive Data Hold lime 
(External Clock Operation) 


1 












tcyc 


^ES 


RESET Set-up Time 


120 


- 


120 


- 


100 


- 


ns 




RESET Hold Time 


80 




80 




70 




ns 


•osc 


Oscillator Stabilization Time 




20 




20 




20 


ms 


tEXr 


External Clock Rise Time (EXTAL) 




25 




25 




25 


ns 


%Xf 


Extemal Clock Pall iime vEXTAU 


- 


25 


- 


25 


- 


25 


ns 


tRr 


RESET Rise Time 




50 




50 




50 


ms 


tRf 


RESET Fall Time 




50 




50 




50 


ms 


t|r 


Input Rise Time 
(except EXTAL RESET) 


- 


100 


- 


100 


- 


100 


ns 


t|f 


Input Fall Time 
(except EXTAL, RESET) 




100 




100 




100 


ns 


VWD 


Port Data Output Delay 
Time 




110 




90 




80 


ns 


tpDSU 


Port Data Input Setup 
Time 


80 




50 




50 




ns 


*PDH 


Port Data Input Hold 
Time 


60 




40 




40 




ns 


The HD643180X differs from HD647180X in chip design and manufactunng process B< 


) careful when using the HD647180X system for the HD643180X 



since charactenstics values are not exactly the same though guaranteed values are identical 
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Opcode Fetch Cycle 



Ti T2 

^CHW *CLW 



Tw T3 



WAIT- 




lOE- 



RD- 



WR- 



LIR 



AS 



^MEDI 



ST' 



Data 
IN 



*STD 



Data ■ 
OUT 



RESET 



*RES 



tRf-H 



bps 



I/O Write Cycle 



(I/O Read Cycle) 
Ti T2 Tw T3 



*MED2tAH 



^LD2 

r 



'RDD2 



7 



^STD2 

r 



*DRH 



\ 



*IOD2tAH 



•WRD1 



It 



^WRP 



^DRS 



*WDS 




tREH 



IRES 



7 



ktRr 



tRr*l 



^WRD2 



i 



^DRH 



|%DZ 



K-t, 



t 

REH 



U-tRf 



• 1 Output buffer is off at this point. 



Figure 4. CPU Timing (Opcode Fetch Cycle) 

I/O Write Cycle (I/O Read Cycle) 
When IOC = 1 
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*INTS 



lllNTH 



INTi ■ 



NMI 



tNMIW 



LIR 

Data 
IN *1 

ME *2 
REF "2" 
BUSREQ" 
BUSACK" 



ADDRESS 
DATA " 

ME, RD^ 
WR, IOE " 



t|0D3 



^MEDI 



^MEWH 



tMED2 



J 



tBRSj 



ffBRH 



tRFDI 



tBADI 



"^MEWL 



iIbrh 



3 

J 



*RFD2 



tBRS, - 



BAP2 



*BZP 



> 



t 
3 

^HADI 



HALT" 



.^DRS 



*DRH 



tHAD2 



i 



•1 during INTo acknowledge cycle 

*2 during refresh cycle 

•3 Output buffer is off at this point. 



Figure 5. CPU Timing (INTo Acknowledge Cycle, 
Refresh Cycle, 
Bus Release Mode, 
Halt Mode, 

Sleep Mode, 

System Stop Mode When IOC = 1) 



720 
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Vcc 



7 


L_5.5V 


^4.5V 

More than max value of Tosc 




// ZJ 


^0.6V 







Figure 7. CPU Timing 
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HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 




in 
c 

5 

00 



> 

O 
O 
3 



(5' 

fi) 



DREQi 

(at level sense) 



DREQi 

(at edge sense) 



TENDi 



CPU or DMA Read/Write Cycle (Only DMA Write Cycle for TENDi) 



Tw 



r 



t r 



/ 



tDRQS 



toRQS 



s 



tDRQH'i 



1 



tORQH* 



tSTDI 



ST 



1 



*4 



tSTD2 



tTED2 



/ 



* 1 tpRQs and tpRQH are specified for the rising edge of clock followed by Ta 

*2 toRQs and topoH are specified for the rising edge of clock. 

*3 DMA cycle starts. 

*4 CPU cycle starts. 



(Memory Read/Write) 



E 

(I/O Read) 



(I/O Write) 



D0-D7 



> 



T2 



^EDI 



Tw T3 

tED2 



_ 

/ 



tEDI 



7 



tEDI 



toRS 



V 



\ 



tED2 



tED2 



tORH 



X 



Figure 8A. E Clock Timing (l^emory Read/Write Cycle, 

I/O Read/Write Cycle) 



^ Bus Release mode. 

Sleep mode 
' System Stop mode 



TV 



*-tED2 



Figure 9. E Clock Timing (Bus Release Mode, 

Sleep Mode, 
System Stop Mode) 
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'w 



(CXi 
l/C 



E 

Example 
I/O Read 

Opcode fetch 



U- ^EDI 



(I/O Write) 



'^WEH 



tED2 



♦-tED2 


PWEL 




r 1 


^tEf 







— tEr 



*-tEf 



Figure 9A. E Clock Timing (iUlinimum Timing Example 

of PwEL and Pweh) 



Timer Data 
Reg. = OOOOH 



TOUTl 
T0UT2 
T0UT3 



X 



tjOD 



Figure 10. Timer Output Timing 
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^2 
I o 



5g 



CSI/0 Clock 



Transmit data 
(Internal Clock) 



Transnnit data 
(External Clock) 



Receive data 
(Internal Clock) 



Receive data 
(External Clock) 



*STDI 



X 



*STDE 



^ ^ ^cyc 



^SRSI 



tSRHI 



eye 



tSRSE 



16.5te, 



;yc 



tSTDI 



tSTDE 



X 



11tey 



tSRSI 



tSRHI 



TTBt 



eye 



:^<zzz^z 

%RHE tSRSE 



16.5t 



eye 



tSRHE 



Figure 12. CSI/0 Receive/Transmit Timing 
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Figure 13. Port input and Output Timing 




Figure 14. Externai Clocic Rise Time 
and Fali Time 



Figure 15. Input Rise Time and Fali 

Time 

(Except EXTAL, RESET 
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Test Point o 



Vcc 
o 



T 



C^^R J or Equi' 

C = 90 pF, R = 1 2 kn 
Rl = 1.6 kn 



1S2074(B) 



Figure 16. Bus Timing Test Load (TTL Lx>ad) 







\f2.0 V 2.0 VW 
/Vo.SV 0.8 V/X 


W2.4V 2.4 V-V/ 
/\o.8 V 0.8 \ 







Figure 17. Reference Levei (Input) 



Figure 18. Reference Level (Output) 
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■ INSTRUCTION SET 

Register 

g, g', WW, XX, yy, and zz specify a register to be used, g and g' specify an 8-bit regis- 
ter. WW, XX, yy, and zz specify a 16-bit pair of 8-bit registers. Tabled shows the 
correspondence between symbols and registers. 

Table 7 Register Specification 



g.g' 


Reg. 


WW 


Reg. 


XX 


Reg. 


yy 


Reg. 


zz 


Reg. 


000 


B 


00 


BC 


00 


BC 


00 


BC 


00 


BC 


001 


C 


01 


DE 


01 


DE 


01 


DE 


01 


DE 


010 


D 


10 


HL 


10 


IX 


10 


lY 


10 


HL 


oil 


E 


11 


SP 


11 


SP 


11 


SP 


11 


AF 



100 H 



Note: H and L suffixed to ww,xx,yy,zz (ex. wwH, IXL) indicate upper 

^ ^ ^ ^ and lower 8 bits of the 1 6-bit register, respectively. 

Bit 

b specifies a bit to be manipulated in the bit manipulation instruction. Table 8 shows 
the correspondence between b and bits. 

Table 8 Bit Specification 



b 


Bit 


000 





001 


1 


010 


2 


oil 


3 


100 


4 


101 


5 


110 


6 


111 


7 



Condition 



f specifies the condition in program control instructions. Table 9 shows the 
correspondence between f and conditions. 
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Table 9 Condition Specification 
f Condition 



000 


NZ 


non zero 


001 


z 


zero 


010 


NC 


non carry 


oil 


C 


carry 


100 


PO 


parity odd 


101 


PE 


parity even 


110 


P 


sign plus 


111 


M 


sign minus 



Restart Address 

V specifies a restart address. Table A-4 shows the correspondence between v and re- 
start addresses. 

Table 10 Restart Address Specification 



V 


Address 


000 


OOH 


001 


08H 


010 


10H 


oil 


18H 


100 


20H 


101 


28H 


110 


30H 


111 


38H 



Flag 

The following symbols show the flag conditions: 

• : not affected 

I : affected 
X : undefined 
S : set to 1 
R : reset to 
P : parity 
V : overflow 

HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 731 



HD641180X, HD643180X, HD647180X 



Miscellaneous 

( )m : Data in the memory address 
( )i : Data in the I/O address 
m or n : 8-bit data 
mn : 16-bit data 
r : 8-bit register 
R : 16-bit register 

b-( )m * Contents of bit b in the memory address 

b-gr : Contents of bit b in the register gr 

d or j : 8-bit signed displacement 

S : Source addressing mode 

D : Destination addressing mode 

• : AND operation 

+ : OR operation 

+ : EXCLUSIVE OR operation 

** : Added new instructions to Z80 
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Instruction Summary 

Data Manipulation Instructions 

Table 11 Arithmetic and Logical Instructions (8 Bit) 













Addressing 












Flag 


Operation 
Name 




















7 6 


4 2 


1 





Mnemonics 


Opcode 


IMMED 


EXT 


IND 


REG 


REGI 


lIMP 


REL 


Bytes 


States 


Operation 


S Z 


H P/V 


N 


c 


ADD 


ADD A,g 
ADDA,(HL) 
ADD A,m 


10 000 g 

10 000 110 

11 000 110 

< m ) 
11 Oil 101 
10 000 110 

< d > 


S 






S 




D 
D 
D 




1 
1 
2 


4 
6 
6 


Ar+gr-*Ar 

Ar+(HL)«^Ar 

Ar+m-»Ar 


I I 

: I 


I V 
I V 
1 V 


R 
R 

R 


I 
I 

I 




ADD A. (IX +d) 






S 






D 




3 


14 


Ar+(IX+d)M-Ar 


I I 


I V 


R 


I 




ADD A.dY+d) 


11 111 101 
10 000 110 

< d > 






S 






D 




3 


14 


Ar+(IY+d)M-*Ar 


I I 


I V 


R 


I 


ADC 


ADCA,g 
ADC A,{HL) 
ADC A,m 


10 001 g 

10 001 110 

11 001 110 
< m > 

11 Oil 101 
10 001 110 


S 






S 


S 


D 
D 
D 




1 

1 
2 


4 

6 
6 


Ar+gr+c-»Ar 

Ar+(HL)M+c-Ar 

Ar+in+c-»Ar 


! I 
I I 
I I 


I V 
I V 
I V 


R 
R 
R 


I 
I 
I 




ADC A,(IX+d) 






s 






D 




3 


14 


Ar+(IX+d)M+c-Ar 


I I 


I V 


R 


I 




ADC A,(IY+dl 


' d ^ 
11 111 101 
10 001 110 

< d > 






s 


J 




D 




3 


14 


Ar+dY+diM+c-Ar 


I I 


I V 


R 


1 


AND 


ANDg 
AND HV 
ANDm 


10 100 g 

10 100 110 

11 100 110 


s 






s 


S 


D 
D 
D 




1 
1 
2 


4 
6 
6 


Ar-gr-'Ar 

ArM'HL)M-Ar 

Ar-m-Ar 


I I 
I I 


S P 
S P 
S P 


R 
R 
R 


R 
R 
R 




AND 'IX+d) 


11 oil 101 
10 100 110 

< d > 






s 






D 




3 


14 


Ar-aX+diM-*Ar 


I I 


S P 


R 


R 




AND (lY+d) 


11 111 101 
10 100 110 

V d > 






s 








I . 


3 

_H 


14 

, 


Ar-aY + d)M-*Ar 




S P 


R 


R 


Compare 


CPg 
CP (HL) 
CPm 

CP ilX+d) 
CP (lY+d) 


10 111 g 

10 111 110 

11 111 110 

11 oil 101 

10 111 110 
< d > 

11 111 101 
10 111 110 

( d > 


s 




s 
s 


s 


s 


D 
D 
D 

D 
D 




1 
1 

2 
3 

3 


4 

6 
6 

14 
14 


Ar-gr 
Ar- HL)„ 
Ar-m 

Ar-iIX+d)M 
Ar-'IY+di„ 


1 I 
I I 

I 1 


1 V 
I V 
I V 

1 V 
I V 


S 
S 

s 
s 

s 


I 
1 
I 

I 
I 


Comple- 
ment 




CPL 


00 101 111 












S/D 




1 


3 


Ar-Ar 




s • 


s 




DEC 


DECg 
DEC (HL) 
DEC (IX+d) 

DEC (lY+d) 


00 g 101 
00 110 101 
11 oil 101 
00 110 101 

< d > 
11 111 101 
00 110 101 

( d > 






S/D 
S/D 


S/D 


S/D 






1 
1 
3 

3 


4 

10 
18 

18 


gr-l-gr 
-HDm- 1-(HL)m 
(IX^d)M-l- 
(IX+d^M 

(IY+d)M-l- 
(IY+d)M 


I I 
I I 
I I 

I I 


I V 
I V 
I V 

I V 


s 
s 
s 

s 




INC 


INCg 

INC (HL) 
INC (IX+d) 


00 g 100 
00 110 100 
11 oil 101 
00 110 100 

< a > 






S/D 


S/D 


S/D 






1 
1 
3 


4 

10 
18 


gr+l-'gr 
(HL)m+ 1-(HL)m 
(IX+d)M + l- 
(IX+d)M 


I 1 
I I 
1 1 


1 V 
I V 
I V 


R 
R 
R 
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Table 11 Arithmetic and Logicai instructions (8 Bit) (cont) 























Flag 


























Operation 








Addressing 










7 


6 4 2 1 





Nam* 


Mnemonics 


Opcode 


IMMED 


EXT 


iND 


REG 


REG! 


IMP 


REL 


Bytes 


States 


Operation 


S 


Z H P/V N 


C 


MULT 


MLT WW 


11 101 101 








S/D 








2 


17 


wwHrXwwLr-»wwi 












Olwwl 100 




























Negate 




NGG 


11 1AI 1A1 
11 lUt 101 












S/D 




^ -— - 


- g ■ 


Ar-»Ar 


I 


1 I V s 


I 






01 000 100 




























OR 


OR g 


10 no g 








s 




D 








' 

ArTgr~*Ar 




1 R P R 






OR (HL) 


10 110 no 










S 


D 












t R P R 


]{ 




ORm 


11 no no 


S 










D 




2 


6 


Ar+m-»Ar 


I 


I R P R 


R 




AD ftV J^A\ 
OK UATd) 


< m > 

11 All 1A1 

11 UU lUl 






S 






D 












I R P R 








10 110 no 






























UK Ui Tfl; 


< d > 






s 






D 






14 


Ar+(IY+d)iii-»Ar 




I R P R 


R 






10 no no 
































< d > 




























SUB 


SUBg 


10 010 g 








s 




D 








^^^^ 




1 I V S 


1 




bUD (HL) 


1A A1A 11A 
10 010 110 










s 


D 








Ar- (HI 1 -♦Ar 




1 I V s 


I 




SUBm 


11 010 110 


s 










D 




2 


6 


Ar-m-»Ar 


I 


I I V s 


I 




CUD 11V J. A\ 


< m > 

11 All 1A1 

11 Oil 101 






s 






D 








Ar- (IY+Hl„-»Ar 




I I V s 


I 






10 010 110 






























SUd (lY+d) 


< d > • 
11 111 101 






s 






D 








Ar-^IV+Hl -»Ar 




I 1 V s 


J 






10 010 no 

< d > 




























SUBC 


' 

SBC A,g 










s 




D 




1 J 1 




Ar-gr-c-Ar 




I I V s 


I 




cur A ^ui i 


in Ai 1 iin 
10 Oil 110 










s 


D 








Ar - (HL)M~c-*Ar 




I I V s 


I 




SBC A,in 


11 All 11A 

11 Oil 110 


s 










D 








Ar ~ in "~ c~* Ar 




I I V s 


I 




CDP A /tVx#l\ 

biJL A.dA+d) 


11 All 1A1 

11 Oil 101 






s 






D 












I I V s 


I 






in Ai 1 iin 






























SBC A.{IY+d) 


< d > 
11 111 101 






s 






D 




3 


14 


Ar-{IY+d)M-c-Ar 




I I V s 


1 






10 Oil 110 

< d > 




























Test 


TST g *♦ 


11 101 101 








s 








2 


7 


Ar-gr 




I S P R 


R 






00 g 100 






























TST (HL) ** 


11 101 101 










s 






2 


10 


Ar'(HL)„ 


I 


I S P R 


R 






00 110 100 






























TST m ** 


11 lUl lUl 
















3 


9 






I S P R 


R 






01 100 100 
































< m > 




























XOR 


XORg 


10 101 g 








s 




D 




1 


4 


Aii®gr-Ar 




I R P R 


R 




XOR (HL) 


10 101 no 










s 


D 




1 


6 


Aie(HL)M-Ar 




I R P R 


R 




XORm 


11 101 no 


s 










D 




2 


6 


Ar@m-Ar 




I R P R 


R 




XOR (IX +d) 


< m > 
11 oil 101 






s 






D 




3 


14 


Ar®(IX+d)M-'Ar 




I R P R 


R 






10 101 no 






























XOR (lY+d) 


< d > 
11 111 101 






s 






D 




3 


14 


Are(IY+d)„^Ar 




I R P R 


R 






10 101 no 

< d > 
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Table 12 Rotate and Shift Instructions 



Opcode 



Addressing 



RE6I 



Bytes 



Operation 



Flag 



7 6 4 2 1 



S Z H P/V N C 



Rotate 

and 

Shift 



RLA 
RLg 



RL (HL) 
RL (IX+d) 



RLCA 
RLCg 



RLC (HL) 
RLC (IX+d) 



RLC (lY+d) 



RRA 
RRg 



RR (HL) 
RR (IX+d) 



RRCA 
RRCg 



RRC (HL) 
RRC (IX+d) 



00 010 111 
U 001 oil 
00 010 g 
11 001 oil 
oo 010 no 

11 oil 101 
11 001 oil 

< d > 
oo 010 110 
11 111 101 
11 001 oil 

< d > 

00 010 no 
00 000 m 
11 001 oil 

OOOOOg 
11 001 oil 
00 000 110 
11 oil 101 
11 001 oil 

< d ) 
00 000 110 
11 111 101 
11 001 oil 

< d > 

00 000 110 
11 101 101 

01 101 111 
00 oil 111 
11 001 oil 
00 on g 
u 001 on 
00 on no 
11 on 101 
11 001 on 

< d > 

00 on no 

11 111 101 
11 001 oil 

< d > 

00 on no 

00 001 111 

11 001 on 

00 001 g 

II 001 on 
00 001 no 
11 on 101 
11 001 on 

< d > 
00 001 no 

11 111 101 

11 001 on 

< d > 
00 001 no 



S/D 



S/D 



S/D 



kjH^j 1 1 1 1 1 1? 




I ill mi 



Mii ii iiiM c] 



• • R • R 1 
1 I R P R I 



I I R P R I 

I 1 R P R I 

• • R • R I 
I 1 R P R I 

I I R P R I 

I 1 R P R 1 

: I R P R 1 

I I R P R • 

• • R • R I 

I I R P R I 

1 1 R P R 1 

I I R P R I 

I I R P R I 



• • R • R 1 
I I R P R I 



I I R P R I 
1 1 R P R I 



(continued) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 7 3 5 



HD641180X, HD643180X, HD647180X 



Table 12 Rotate and Shift Instructions (cont) 



Mn«inonics 



Addratting 



EXT 



INO 



REG 



REGi 



Bytes 



Operation 



Flag 



7 6 4 2 1 



S Z H P/V N C 



Shift 
Data 



SLAg 
SLA (HL) 
SLA (IX+d) 



SRAg 
SRA (HL) 
SRA (IX+d) 



SRLg 
SRL (HL) 
SRL (IX+d) 



11 101 101 
01 100 111 
11 001 OH 
00 100 g 
11 001 Oil 
00 100 110 
11 Oil 101 
11 001 Oil 

< d > 
00 100 110 
11 111 101 
11 001 oil 

< d > 
00 100 110 

11 001 on 

00 101 g 

11 001 on 
00 101 no 
11 on 101 
11 001 on 

< d > 
00 101 no 

11 111 101 

n 001 on 

< d > 
00 101 no 
11 001 on 
00 ni g 
11 001 on 
00 111 no 
11 on 101 
11 001 on 

< d > 

00 111 no 

11 111 101 

11 001 on 

< d > 

00 111 no 



S/D 



S/D 



3 Ar 



IJ I M 1 1 IJ(HUm| 



oH 1 1 1 1 1 1 1 hO 

w w c 



I I R P R • 

I I R P R I 

I I R P R I 

I I R P R I 

I I R P R I 

t I R P R I 

I I R P R I 

I I R P R I 

I 1 R P R I 

I I R P R I 

I I R P R I 

I I R P R I 

1 I R P R I 
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Table 13 Bit Manipulation Instructions 



Operation 
Name 


Mnemonics 


Opcode 


Addressing 


1 




Flag 


Bytes 


States 


Operation 


7 6 4 2 1 





IMMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 


S Z H P/V N 


c 


Bit Set 


SET b,g 
SET b,(HL) 
SET b,(IX+d) 

SETb,(lY+d) 


11 001 oil 
11 b g 
11 001 Oil 
11 b 110 
11 Oil 101 
11 001 Oil 

< d > 
11 b 110 
11 111 101 
11 001 Oil 

< d > 
11 b 110 






S/D 
S/D 


S/D 


S/D 






2 
4 

4 


13 
19 

19 


1-b-gr 

l-b-(HL)M 

l-b-(IX+d)M 

Wb-(IY+d)M 




Bjt Reset 


RESb.g 
RES b,(HL) 
RESb,(IX+d) 

RES b,{IY+d) 


11 001 Oil 

11 001 Oil 

10 b 110 

11 Oil 101 
11 001 Oil 

< d > 

10 b 110 

11 111 101 
11 001 Oil 

< d > 
10 b 110 






S/D 
S/D 


S/D 








2 
4 

4 


13 
19 

19 


0-b-gr 

0-b-(HL)M 

0-b-(IX+d)M 

0-,b.(lY+d)M 

__ 




Bit Test 


BIT b,g 


11 001 Oil 








S 








2 


6 


b-gr-*z 


X I S X R 








01 b g 




























BIT b,(HL) 


11 001 Oil 










S 






2 


9 


b-(HL)„-z 


X 1 S X R 








01 b 110 




























BIT b,(IX+d) 


11 Oil 101 






S 










4 


15 


b-(IX+d)M-z 


X 1 S X R 








11 001 Oil 






























< d > 






























01 b 110 




























BIT b,(IY+d) 


11 111 101 






S 










4 


15 


b-(IY+d)„-*z 


X I S X R 








11 001 Oil 






























< d > 






























01 b 110 
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l^ible 14 Arithmetic Instructions (16 Bit) 



Operation 
Name 


Mnemonics 


Opcode 


Addressing 


Bytes 


States 


Operation 


Flag 

7 6 4 2 1 


IMMED 


EXT 


IND 


REG 


REG! 


IMP 


REL 


S Z H P/V lyi C 


ADD 


ADDHL,ww 
ADD IX^x 

ADD IY.yy 


OOwwlOOl 
11 Oil 101 
00 xxl 001 
11 111 101 
OOyyl 001 








s 

S 

s 




D 
D 

D 




1 
2 

2 


— 


HL,+ww,-HU 
IX,+xx«^IX, 

IY,+m-IY. 


• • X • R I 

• • X • R I 

• • X • R I 


ADC 


ADC HL.WW 


11 101 101 
OlwwlOlO 








s 




D 




2 




HU+ww,+c-HL, 


I I X V R I 


DEC 


DEC WW 
DEC IX 

DECIY 


OOwwl Oil 
11 Oil 101 
00 101 Oil 
11 111 101 
00 101 oil 








S/D 




S/D 
S/D 




1 

2 

2 




IX«-1-IX, 
IY,-1-IY« 




INC 


INC WW 
INC IX 

INCIY 


OOwwOOll 
11 Oil 101 
00 100 oil 
11 111 101 
00 100 oil 








S/D 




S/D 
S/D 




1 
2 

2 




WW|, + 1-»WW|| 

IX«+1-*IX, 
IYr+1-IY, 




SBC 


SBC HL,ww 


11 101 101 
01 wwOOlO 








s 




D 




2 




HL,-ww,-c-HL, 


I I X V S I 
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Data Transfer Instructions 



Table 15 8-Bit Load 



Operation 
Name Mnemonic* 



Opcode 



Addressing 



REGI IMP REL 



Bytes 



Operation 



Flag 



7 6 4 2 1 



S Z H P/V N C 



Load 

8-Bit Data 



LDA.I 

LDA,R 

LD A.(BC) 
LDA.(DE) 
LD A,(inn) 

LDIA 

LDR,A 

LD (BC),A 
LD (DE).A 
LD (mn),A 

LDg^ 
LD g,(HL) 
LDg^ 

LDg,aX+d) 

LDg.(IY+d) 

LD (HL),m 
LD (IX+d).in 



LD (HL).g 
LD (IX+d).g 



LD (lY+d)^ 



11 101 101 
01 010 111 
11 101 101 
01 Oil 111 
00 001 010 
00 Oil 010 

00 111 010 

< n > 

< m > 
11 101 101 

01 000 111 
11 101 101 
01 001 111 
00 000 010 
00 010 010 

00 110 010 

< n ) 

< m > 

01 g i 

01 g 110 

00 g 110 

< m > 
11 Oil 101 

01 g 110 

< d > 
11 111 101 
01 g 110 

< d > 
00 110 110 

< m > 
11 Oil 101 
00 110 110 

< d > 

< m > 
11 111 101 

00 110 110 

< d > 

< m > 

01 110 g 
11 Oil 101 
01 110 g 

< d > 
11 111 101 
01 110 g 

< d > 



S/D 



Rr-*Ar 

(BC)«-»Ar (Note 1) 

(DB.-'Ar 

(inn)M-»Ar 



Ar-»Rr 



I I R EF, R 



I I R EF, R 



Ar-^(BC)« 
Ar-(DE)« 
Ar-»(nm)M 



{HL)«-^gr 



(IX+d)«-^gr 

(IY+d)M-gr 

m-*(HL)M 
m^{IX+d)M 



gr^(HL)M 
gr-(IX+d)« 



Note: 1 Interrupts are not sampled at the end of LD A, 1 or LD A, R. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 739 



HD641180X, HD643180X, HD647180X 



Table 16 16-Bit Load 



Operation 
Nam* 


Mnflmonics 


Opcode 


Addressing 






w pors «i on 


Flag 


7 6 4 2 10 


iMMED 


EXT 


m 


REG 


RE6I 


IMP 


REL 


S Z H P/V H C 


Load 


LDww^ 


OOwwOOOl 


S 






D 








3 


9 


inn-»wwii 




16-Bit Data 




< n > 




























< m > 


























LDIXjnn 


11 Oil 101 


S 










D 




4 


12 


mn-»IX« 








00 100 001 

< n > 




























< m > 


























LDIY^ 


11 111 101 


s 










D 




4 


12 


mn-IYii 








00 100 001 




























< n > 




























< m > 


























LDSP,HL 


11 111 001 












S/D 




1 


4 


HU-»SP|i 






LDSPJX 


11 Oil 101 












S/D 




2 


7 


IX«-»SPii 








11 111 001 


























LDSPJY 


11 111 101 












S/D 




2 


7 


lY.-SPn 








11 111 001 


























LD ww.dim) 


11 101 101 




S 




D 








4 


18 


(mn+l)i«-*wwHr 








OlwwlOll 




















(mn)«-»wwLr 








< n > 

< m > 


























LD HL,(mn) 


00 101 010 




s 








D 




3 


15 


(mn+l)i»-*Hr 








< n > 




















(mn)«-»Lr 








< m > 


























LDIX.(nm) 


11 Oil 101 




s 








D 




4 


18 


{mn+l)«-IXHr 








00 101 010 

< n > 




















(nm)M-»IXLr 








< m > 


























LDIY,(mn) 


11 111 101 




s 








D 




4 


18 


(mn+l)M-*rYHr 








00 101 010 

< n > 




















{mn)„-IYLr 






LD (nn).ww 


< m > 
11 101 101 




D 




S 








4 


19 


wwHr-»(nm+l)i, 








OlwwOOll 

< n > 




















wwLr-»(mn)i« 






LD (nm),HL 


< m > 
00 100 010 




D 








S 




3 


16 


Hr-(mn+l)M 




































< m > 


























LD (nn)JX 


11 Oil 101 




D 








S 




4 


19 


lXHr-(nm+I)« 








00 100 010 

< n > 




















IXLr-(mn)« 








< m > 


























LD (nm)JY 


11 111 101 




D 








S 




4 


19 


IYHr-(inn+l)« 








00 100 010 

< n ) 




















IYLr-(inn)« 








< m > 
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Table 17 Block Transfer 













Addressing 














Flag 


OffiArjifiAn 
wpVifliiuii 

Name 






















7 


6 


4 2 10 


Mnemonics 


Opcode 


IMMED 


EXT 


IND 


REG 


REGI 


IMP 


REL 


Bytes 


States 




Operation 


S 


Z 


H P/V N C 


Block 


































Transfer 


CPD 


11 101 101 










s 


s 




2 


12 


Ar 


-(HL)m 


I 


I 


I I S • 


Search 




10 101 001 




















BC-l-BC 








Data 


CPDR 


11 101 101 
10 111 001 












s 




2 


14 

12 


HL.-1-HU 
BC,*0Ar*(HL)M 
BC,=0or Ar= (HL)« 


I 


3 
I 


2 

I I S • 




























Ar-(HL)M 
































Q 


BC«-1-*BC 
HU-l-HL, 
































Repeat Q until 
































Ar 


= (HL),orBC=0 




3 






CPI 


11 101 101 










s 


s 




2 


12 


Ar 


-(HL)„ 


I 


I 


I I S • 






10 100 001 




















BC-l-BC, 
HL,+1-HL« 




3 


2 




CPIR 


11 101 101 
10 110 001 










s 


s 




2 


14 

12 


BC*OAr*(HL), 
BC=OorAr=(HL)« 


I 


I 


I I S • 




























Ar-(HL)« 
































Q 
Re 


BCk-I^BC, 
HL,+1-HL, 
peat Q until 
































Ar 


= (HL)«orBC,=() 






2 




LDD 


11 101 101 
10 101 000 










S/D 






2 


12 


(HL)m-*(DE)m 
BC,-1-BC 
DE.-1-^DE, 
HU-l-HU 






R I R • 




LDDk 


11 101 101 
10 111 000 










S/D 






2 


14 (BC,*0) 
12 {BC,=0) 


Q 


(HL)m-(DE)m 
BC«-HBC, 
DE,-1-DE, 
HU-l-HU 






R R R • 


























Repeat Q until 
































BC,=0 






2 




LDl 


11 101 101 
10 100 000 










S/D 






2 


12 


(HDm-IDEIm 
BC,-1-BC, 
DE, + 1-»DE, 
HU+1-»HL, 






R I R • 




LDIR 


11 101 101 
10 no 000 










S/D 






2 


14 (BC,*0) 
12 (BC,=0) 


Q 


(HL)h-»(DE)m 
BQ-l-BC 
DE»+1^DE, 
HL,+1-^HLk 






R R R • 


























Repeat Q until 
































BC,=0 









Note: 2 P/V = 0. BCr- 1 = 
P/V =: 1- BCr-1 =?fc 
3 Z = 1- Ar = (HL)m 
Z = 0- Ar =^ (HL)m 
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Table 18 Stack and Exchange 



Operation 
Name 



Opcode 



Addressing 



REG 



REGI 



Bytes 



Operation 



Flag 



7 6 4 2 1 



Z H P/V N C 



11 Oil 101 
11 100 101 



11 111 101 
11 100 101 



2zLr^(SP-2)M 

zzHr-*(SP-l)M 

SP,-2^SP, 

IXLr-(SP-2)M 

IXHr-(SP-l)M 

SP,-2^SP, 

IYLr^(SP-2)M 

IYHr^(SP-l)M 

SPr-2-SPr 



11 Oil 101 
11 100 001 



11 111 101 
11 100 001 



(SP+Dm^zzHf 

(SP)M-^zzLr 

SPr+2-^SP, 

(SP+l)M-^IXHr 

(SP)„^IXLr 

SPr+2^SP, 

(SP+l)„-^IYHr 

(SP)„^IYLr 

SPr+2->SPr 



Exchange 



EX AF,AF' 
EX DE,HL 
EXX 



EX (SP),HL 
EX (SP),IX 
EX {SP),IY 



00 001 000 
11 101 Oil 
11 Oil 001 



11 100 Oil 

11 Oil 101 

11 100 Oil 

11 111 101 

11 100 oil 



AFr-AF,' 

DE«"HU 

BC,"BC,' 

DEr-DE,' 

HU-HLg' 

Hr"(SP+l)M 

Lr"(SP)„ 

IXHr"(SP+l)„ 

IXLr"(SP)M 

IYHr"(SP+l)M 

IYLr"{SP)M 



Note 4 In the case of POP AF, Flag is written a current contents of the stacic. 
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Program Control Instructions 
Table 19 Program Control 



Operation 



Opcode 



IMMED EXT IND REG 



Addressing 



Bytes 



Operation 



Flag 



7 6 4 2 1 



S Z H P/V N C 



6(f false) 
16 (f • true) 



PCHr-(SP-l)« 
PCLr-{SP-2)« 
n«-»PCt 
SP,-2-SP, 
continue f is false 
CALLmn f is true 



Jump 



DJNZj 



JPmn 

JP (HL) 
JP (IX) 

JP (lY) 

JRj 

JRCj 

JR NC.j 

JRZj 

JR NZj 



00 010 000 

<j-2> 



< m > 
11 101 001 
11 Oil 101 
11 101 001 
11 111 101 
11 101 001 
00 011 000 

<i-2> 

00 111 000 

<j-2> 

00 110 000 

<)-2> 

00 101 000 

<j-2> 

00 100 000 

<j.2> 



9 (Br*0) 
7 (Br=0) 



6(f false) 
9(f true) 



Br-l-Br 
continue . Br=0 
PC+HPC, . Br*0 



nm-»PC» f IS true 
continue f is false 



nm-PC, 



HU-PC 
IX.-.PC, 



PC+j-PC 

continue C=0 
PC+j-PC, C=l 
continue ■ C=l 
PC+HPC C=0 
continue Z=0 
PC+j-PC Z=l 
continue " Z=l 
PC+j-PC, Z=0 



RET 



11 OOl 001 



11 101 101 
01 001 101 



11 101 101 
01 000 101 



5(f false) 
10 (f true) 



(SP)M^PCLr 
(SP+l)«^PCHr 
SP,+2-»SP, 
continue f is false 
RET f is true 

(SP)M^PCLr 

(SP+l)„-PCHr 

SP,+2-SP, 

(SP)«-PCLr 

(SP+l)M^PCHr 

SP,+2-SP, 

IEF,-^1EF. 

PCHr^(SP-l)« 

PCLr-»(SP-2)M 

0-PCHr 

v-PCLr 

SP»-2-SP, 
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I/O Instructions 
Table 20 I/O 



Operation 
Name 


Mnemonics 


Opcode 


Addressing 


Bytes 


States 


Operation 


Flag 


7 


6 4 2 1 


IMMED 


EXT 


IND 


REG 


REG! 


IIVIP 


I/O 


S 


Z H P/V N C 


Input 


IN A,(m) 


11 Oil Oil 












D 


s 


2 


9 


(Ain),-Ar 










< m > 




















m-»A«~A7 






























Ar-A,~A„ 








IN g.(C) 


11 101 101 








D 






s 


2 


9 


(BC),^gr 










01 g 000 




















g=110 Only the 


I 


I R P R • 


























flags will 






























change 






























Cr^A,~A: 






























Br-^A,~A„ 








INOg,(m) ** 


11 101 101 








D 






s 


3 


12 


(O0ni),-gr 


I 


I R P R • 






OOg 000 




















g=110 Only the 










< m > 




















flags will 






























change 






























m-»A,~A7 






























00-»A|~Ai5 




5 6 




IND 


11 101 101 










D 




s 


2 


12 


(BC),-(HL)m 


X 


I X X I X 






10 101 010 




















HL,-1-HL, 
Br-l-»Br 






























Cr-^Ao-A, 






























Br^A,~A,5 




6 




INDR 


11 101 101 










D 




s 


2 


14(Br*0) 


[ (BC),-(HL)m 


X 


S X X I X 






10 111 010 


















12(Br=0) 


Q HU-l-^HU 






























Br-l-»Br 






























Repeat Q until 
Br=0 






























Cr-*A,~A7 






























Br-A,~A„ 




5 6 




INI 


11 101 101 










D 




s 


2 


12 


{BC),-(HL)m 


X 


I X X I X 






10 100 010 




















HL»+1-*HU 
Br-l-Br 






























Cr-»A«-~A7 






























Br-*A,~A„ 




6 




INIR 


11 101 101 










D 




s 


2 


14(Br*0) 


f (BC),-(HL)m 


X 


S X X I X 






10 110 010 


















12(Br=0) 


Q HU + l-HU 
i Br-l-Br 






























Repeat Q until 






























Br=0 






























Cr-»A,~A, 






























Br-A,~A,5 







Note 5 Z = 1. Br-1 = 
Z = 0- Br- 1 
6 N = 1 MSB of Data = 1 
N = MSB of Data = 



(continued) 
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Table 20 I/O (cont) 



Addressing 



MMED EXT IND REG REGI IMP 



Bytes 



Operation 



Flag 

7 6 4 2 1 
S Z H P/V N C 



OUT (C)« 



OUTO(m)^* 



11 101 101 
Dig 001 

11 101 101 
00 g 001 
< m > 
11 101 101 
10 001 Oil 



11 101 101 
10 Oil Oil 



11 101 101 
10 111 Oil 



11 101 101 

10 100 on 



11 101 101 
10 110 oil 



11 101 101 
01 110 100 



11 101 101 
10 000 oil 



11 101 101 

10 010 on 



11 101 101 

10 101 on 



16(Br*0) 
14(Br=0) 



14(Br*0) 
12(Br=0) 



14(Br*0) 
12{Br=0) 



16(Br*0) 
14{Br=0) 



At- (Am), 
m-»A»~AT 
Ar-*A.~A„ 

gr-(BC), 

Cr-A.-A, 

Br-A,-A,. 

gr-»(00m), 

m-»A<)~AT 

0O^A,~A,, 

(HL)„-(0OC), 

HU-l-HU 

Cr-l-Cr 

Br-l-Br 

Cr-A,~A, 

00-A,~A„ 
(HL)«^(OOC), 
HU-l-HL, 
Cr-l-*Cr 
Br-l-*Br 

Repeat Q until 

Br=0 

Cr-Ao-A; 
00^A,~A„ 

f (HL)«-(BC)i 
Q HU-l-HL, 

iBr-HBr 
Repeat Q until 
Br=0 

Cr-Ao-A, 

Br-*A,~A„ 

(HL)„-(BC), 

HL,+1-HU 

Br-l-Br 

Cr-A,~A, 

Br-A,~A,5 

( (HL)«-(BC), 
Q HU+l-HL, 

iBr-l-Br 
Repeat Q until 
Br=0 

Cr-A.~A, 

Br-Ai-A.s 

(00C),-m 

Cr-'A.-A, 

OO-At-Ais 

(HL)m-(00C)i 

HU + l-HU 

Cr+l-Cr 

Br-l-Br 

Cr-A.~A7 

00-A,~A„ 
(HL)m-(OOC), 
HU+l-HL, 
Cr+l-»Cr 
Br-l-Br 

Repeat Q until 

Br-O 

Cr-A,~A, 

00-A,-A„ 

(HL)«-(BC), 

HL,-1-HU 

Br-l-*Br 

Cr-A,~A, 

Br-A,~A„ 



: I I p I 1 



R S R S I R 



X S X X I X 



5 6 
X 1 X X 1 X 



X S X X I X 



1 I S P R R 



1 1 I P 1 1 



R S R S I R 



X 1 X X I X 



Note: 5 Z = 1. Br- 1 = 
Z = 0. Br- 1 
6 N = 1: MSB of Data = 1 
N = 0: MSB of Data = 
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Special Control Instructions 



Table 21 Special Control 



Operation 
Name 


Mnemonics 


Opcode 


Addressing 


Bytes 


States 


Operation 


Flag 


7 6 4 2 1 


IMMEO 


EXT 


IND 


REG 


REGI 


IMP 


REL 


S Z H P/V N C 


Special 
Function 


DAA 


00 100 111 












S/D 




1 


4 


Decimal 
Adjust 

Accumulator 


I I I P • I 


Carry 
Control 


CCF 
SCF 


00 111 111 
00 110 111 
















1 
1 


3 
3 


C-^C 
1->C 


• • R • R I 

• • R • R S 


CPU 
Control 


DI 
EI 

HALT 
IMO 

IMl 

IM2 

NOP 
SLP** 


11 110 oil 
11 111 oil 
01 110 110 
11 101 101 
01 000 110 
11 101 101 
01 010 110 
11 101 101 
01 oil 110 

00 000 000 
11 101 101 

01 110 110 
















1 
1 
1 
2 

2 

2 

1 

2 


3 
3 
3 
6 

6 

6 

3 
8 


0-IEF,, 0-IEF, 7 

HIEF,, I-IEF2 7 

CPU halted 

Interrupt 

mode 

Interrupt 

mode 1 

Interrupt 

mode 2 

No operation 

Sleep 





Note 7 Interrupts are not sampled at the end of DI or EI. 
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■ INSTRUCTION SUMMARY IN ALPHABETICAL ORDER 





Byt6s 


iviauniiio v^ycieS 




ADC A,m 


2 


2 


6 


ADC A,g 


1 


2 


4 


ADC A, (HL) 


1 


2 


6 


ADC A, (IX+d) 


3 


6 


14 


ADC A, {IY+ d) 


3 


6 


14 


ADD A,m 


2 


2 


6 


ADD A,g 


1 


2 


4 


ADD A, (HL) 


1 


2 


6 


ADD A, (IX +d) 


3 


6 


14 


ADD A, (lY+d) 


3 


6 


14 


ADC HL,ww 


2 


6 


10 


ADD HL,ww 


1 


5 


7 


ADD IX,xx 


2 


6 


10 


ADD IY,yy 


2 


6 


10 


AND m 


2 


2 


6 


AND g 


1 


2 


4 


AND (HL) 


1 


2 


6 


AND (IX+d) 


3 


6 


14 


AND (lY+d) 


3 


6 


14 


BIT b, (HL) 


2 


3 


9 


BIT b, (IX+d) 


4 


5 


15 


BIT b, (lY+d) 


4 


5 


15 


BIT b,g 


2 


2 


6 


CALL f,mn 


3 


2 


6 

(If condition is false) 




3 


6 


16 

(If condition is true) 



Note : New instructions added to Z80 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


CALL mn 


3 


6 


16 


CCF 


1 


1 


3 


CPD 


2 


6 


12 


CPDR 


2 


8 


14 








(If BCr^j^O and Ar=jt(HL)M) 




2 


6 


12 








(If BCr=0 or Ar= (HL)m) 


CP (HL) 


1 


2 


6 


CPI 


2 


6 


12 


CPIR 


2 


8 


14 








(If BCf^^O and Ar=5^(HL)M) 




2 


6 


12 








(If BCr=0 or Ar=(HL)M) 


CP (IX+d) 


3 


6 


14 


CP (lY+d) 


3 


6 


14 


CPL 


1 


1 


3 


CP m 


2 


2 


6 


CP q 


1 


2 


4 


DAA 


1 


2 


4 


DEC (HL) 


1 


4 


10 


DEC IX 


2 


3 


7 


DEC lY 


2 


3 


7 


DEC (IX+d) 


3 


8 


18 


DEC (lY+d) 


3 


8 


18 


DECg 


1 


2 


4 


DEC WW 


1 


2 


4 


Dl 


1 


1 


3 



(continued) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


DJNZ j 


2 


5 


9 (If Br^O) 




2 


3 


1 (If Br=0) 


El 


1 


1 


3 


EX AF,AF' 


1 


2 


4 


EX DE,HL 


1 


1 


3 


EX (SP),HL 


1 


6 


16 


EX (SP),IX 


2 


7 


19 


EX (SP),IY 


2 


7 


19 


EXX 


1 


1 


3 


HALT 


1 


1 


3 


IM 


2 


2 


6 


IM 1 


2 


2 


6 


IM 2 


2 


2 


6 


INC g 


1 


2 


4 


INC (HL) 


1 


4 


10 


INC (IX+d) 


3 


8 


18 


INC (lY+d) 


3 


8 


18 


INC WW 


1 


2 


4 


INC IX 


2 


3 


7 


INC lY 


2 


3 


7 


IN A,{m) 


2 


3 


9 


IN g,(C) 


2 


3 


9 


INI 


2 


4 


12 


INIR 


2 


6 


14 (If Br=5fcO) 




2 


4 


12 (If Br=0) 


IND 


2 


4 


12 


INDR 


2 


6 


14 (If Bx^O) 



(continued) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


INDR 


2 


4 


12 (If Br=0) 


INO g,(m)** 


3 


4 


12 


JP f,mn 


3 


2 


6 








(If f is false) 




3 


3 


9 








(If f is true) 


JP (HL) 


1 


1 


3 


JP (IX) 


2 


2 


6 


JP (lY) 


2 


2 


6 


JP mn 


3 


3 


9 


JR j 


2 


4 


8 


JR Cj 


2 


2 


6 








(If condition is false) 




2 


4 


8 








(If condition is true) 


JR NCj 


2 


2 


6 








(If condition is false) 




2 


4 


8 








(If condition is true) 


JR Zj 


2 


2 


6 








(If condition is false) 




2 


4 


8 








(If condition is true) 


JR NZj 


2 


2 


6 








(If condition is false) 




2 


4 


8 








(If condition is true) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


LD A, (BC) 


1 


2 


6 


LD A, (DE) 


1 


2 


6 


LD A,l 


2 


2 


6 


LD A, (mn) 


3 


4 


12 


LD A,R 


2 


2 


6 


LD (BC),A 


1 


3 


7 


LDD 


2 


4 


12 


LD (DE),A 


1 


3 


7 


LD ww,mn 


3 


3 


9 


LD ww,(mn) 


4 


6 


18 


LDDR 


2 


6 


14 (If BCr^O) 




2 


4 


12 (If BCr=0) 


LD (HL),m 


2 


3 


9 


LD HU(mn) 


3 


5 


15 


LD (HL),g 


1 


3 


7 


LDI 


2 


4 


12 


LD l,A 


2 


2 


6 


LDIR 


2 


6 


14 (If BCr^O) 




2 


4 


12 (If BCr=0) 


LD IX,mn 


4 


4 


12 


LD IX,(mn) 


4 


6 


18 


LD (IX+d),m 


4 


5 


15 


LD (IX+d),g 


3 


7 


15 


LD IY,mn 


4 


4 


12 


LD IY,(mn) 


4 


6 


18 


LD (IY+d),m 


4 


5 


15 


LD (IY+d),g 


3 


7 


15 



(continued) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


LD (mn),A 


3 


5 


13 


LD (mn),ww 


4 


7 


19 


LD (mn),HL 


3 


6 


16 


LD (mn),IX 


4 


7 


19 


LD (mn)JY 


4 


7 


19 


LD R,A 


2 


2 


6 


LD g,(HL) 


1 


2 


6 


LD g,(IX+d) 


3 


6 


14 


LD g,(IY+d) 


3 


6 


14 


LD g,m 


2 


2 


6 


LD g,g' 


1 


2 


4 


LD SP,HL 


1 


2 


4 


LD SP,IX 


2 


3 


7 


LD SPJY 


2 


3 


7 


MLT WW** 


2 


13 


17 


NEG 


2 


2 


6 


NOP 


1 


1 


3 


OR (HU 


1 


2 


6 


OR (IX+d) 


3 


6 


14 


OR (lY-f d) 


3 


6 


14 


OR m 


2 


2 


6 


ORg 


1 


2 


4 


OTDM** 


2 


6 


14 


OTDMR** 


2 


8 


16 (If Br95=0) 




2 


6 


14 (If Br=0) 


OTDR 


2 


6 


14 (If Br^O) 




2 


4 


12 (If Br=0) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


OTIM** 


2 


6 


14 


OTIMR** 


2 


8 


16 (If Br^O) 




2 


6 


14 (If Br=0) 


OTIR 


2 


6 


14 (If Br^O) 




2 


4 


12 (If Br=0) 


OUTD 


2 


4 


12 


OUTI 


2 


4 


12 


OUT {m),A 


2 


4 


10 


OUT (C),g 


2 


4 


10 


OUTO (m),g 


3 


5 


13 


POP IX 


2 


4 


12 


POP lY 


2 


4 


12 


POP zz 


1 


3 


9 


PUSH IX 


2 


6 


14 


PUSH lY 


2 


6 


14 


PUSH zz 


1 


5 


11 


RES b,(HL) 


2 


5 


13 


RES b,{IX+d) 


4 


7 


19 


RES b,(IY+d) 


4 


7 


19 


RES b,g 


2 


3 


7 


RET 


1 


3 


9 


RET f 


1 


3 


5 

(If condition is false) 




1 


4 


10 

(If condition is true) 


RETI 


2 


10 


22 


RETN 


2 


4 


12 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


RU 


1 


1 


3 


RLCA 


1 


1 


3 


RLC (HL) 


2 


5 


13 


RLC (IX+d) 


4 


7 


19 


RLC (lY+d) 


4 


7 


19 


RLC g 


2 


3 


7 


RLD 


2 


8 


16 


RL (HL) 


2 


5 


13 


RL (IX+d) 


4 


7 


19 


RL (lY-fd) 


4 


7 


19 


RLg 


2 


3 


7 


RRA 


1 


1 


3 


RRCA 


1 


1 


3 


RRC (HL) 


2 


5 


13 


RRC (IX+d) 


4 


7 


19 


RRC (lY+d) 


4 


7 


19 


RRC 9 


2 


3 


7 


RRD 


2 


8 


16 


RR (HL) 


2 


5 


13 


RR (IX+d) 


4 


7 


19 


RR (lY+d) 


4 


7 


19 


RRg 


2 


3 


7 


RST V 


1 


5 


11 


SBC A,(HL) 


1 


2 


6 


SBC A,(IX+d) 


3 


6 


14 


SBC A,(IY+d) 


3 


6 


14 


SBC A,m 


2 


2 


6 



(continued) 



754 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD641180X, HD643180X, HD647180X 



MNEMONICS 


Bytes 


Machine Cycles 


States 


SBC A,g 


1 


2 


4 


SBC HUww 


2 


6 


10 


SCF 


1 


1 


3 


SET b,(HL) 


2 


5 


13 


SET b,(IX+d) 


4 


7 


19 


SET b,{IY+d) 


4 


7 


19 


SET b,g 


2 


3 


7 


SLA (HL) 


2 


5 


13 


SLA (IX+d) 


4 


7 


19 


SLA (lY+d) 


4 


7 


19 


SLAg 


2 


3 


7 


SLP** 


2 


2 


8 


SRA (HL) 


2 


5 


13 


SRA (IX+d) 


4 


7 


19 


SRA (lY+d) 


4 


7 


19 


SRAg 


2 


3 


7 


SRL (HL) 


2 


5 


13 


SRL (IX+d) 


4 


7 


19 


SRL (lY+d) 


4 


7 


19 


SRLg 


2 


3 


7 


SUB (HL) 


1 


2 


6 


SUB (IX+d) 


3 


6 


14 


SUB (lY+d) 


3 


6 


14 


SUB m 


2 


2 


6 


SUBg 


1 


2 


4 


•*TSTIO m 


3 


4 


12 


**TST g 


2 


3 


7 



(continued) 
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MNEMONICS 


Bytes 


Machine Cycles 


States 


TST m** 


3 


3 


9 


TST (HL)*^ 


2 


4 


10 


XOR (HL) 


1 


2 


6 


XOR (IX+d) 


3 


6 


14 


XOR (lY+d) 


3 


6 


14 


XOR m 


2 


2 


6 


XORg 


1 


2 


4 
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■ OPCODE MAP 

Table 22 First Opcode Map 
Instruction format: XX 





ww(Lo = All) 




Lo = - 7 




BC 1 DE 1 HL 


SP 






BC 


DE 


HL 


AF 


zz 




g (Lo = - 7) 




NZ 


NC 


PC 


P 


f 






B 


D 


H 


(HL) 


B 


D 


H 


(HL) 


OOH 


lOH 


20H 


30H 


V 




"""^ HI 
LO^^ 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


B 


0000 





NOP 


DJNZi 


JRNZ.I 


JRNC.I 


LD g.s 


(Note 1) 


ADDA, 
s 


SUB s 


AND s 


OR s 


RET f 





C 


0001 


1 


LO WW. mn 


POP zz 


1 





0010 


2 


LD(ww). A 


LD((m). 
HL 


LD(mn). 
A 


JP f.mn 


2 


JP mn 


OUT(m). 
A 


EX(SP). 
HL 


Dl 


3 


E 


0011 


3 


INC WW 


H 


0100 


4 


INC g ItNote 1) 


CALL f. mn 


4 




0101 


5 


DEC g !(Note 1) 


PUSH Z2 


5 


(HL) 


0110 


6 


LD g. m [JNote 1) 


(Note 2) 


HALT 


(Note 2) 


(Note 2) 


(Note 2) 


(Note 2) 


A00A,m|SUBm|ANDm|OR m 


6 


A 


0111 


■? 


RLCA 


RLA 


DAA 


SCF 












RST V 


7 


B 


1000 


8 


EXAF.AF 


JR 1 


JRZ,| 


JRC.) 


LD g.s 


ADC A, 

S 


SBC A, 
s 


XOR s 


CP s 


RET f 


8 


C 


1001 


9 


ADD HL. WW 


RET 


EXX 


JP(HL) 


LDSP. 
HL 


9 


D 


1010 


A 


LD A. (ww) 


LD HL 

(mn) 


LD K 
(mn) 


JP f.mn 


A 


E 


1011 


B 


DEC WW 


Tabte2|INA(m)|E)(DE,HL| El 


B 


H 


1100 


C 


INC g 


CALL f.mn 


C 


L 


1101 


D 


DECg 


CALLim 


(Note 3) 


Table 3 


(Note 3) 


D 


(HL) 


1110 


E 


LD g. m 


(Note 2) 


(Note 2) 


(Note 2) 


(Note 2) 


(Note 2) 


AOC^in 


SBCM 


XORm 


CP m 


E 


A 


1111 


F 


RRCA 


RRA 


CPL 


CCF 












RST V 


F 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




C 


E 


L 


A 


C 


E 


L 


A 




Z 


C 


PE 


M 


f 


g (Lo = 8 - F) 


08H 


18H 


28H 


38H 


V 








Lo = 8 - F 





Notes: 1 . (HL) replaces g. 

2. (HL) replaces s. 

3. If DDH is added as first opcode for the instructions which have HL or (HL) as an operand 
in table 1 . the instructions are executed replacing HL with IX and (HL) with (IX 4- d). 

ex: 22H: LD (mn), HL 
DDH 22H: LD (mn), IX 

If FDH is added as first opcode for the instructions which have HL or (HL) as an operand 
in table 1 , the instructions are executed replacing HL with lY and (HL) with (lY + d). 

ex: 34H: INC (HL) 
FDH 34H: INC (lY + d) 

However, JP (HL) and EX DE, HL are exceptions. Note the followings: 

If DDH is added as first opcode for JP (HL), (IX) replaces (HL) as operand and JP (IX) is 

executed. 

If FDH is added as first opcode for JP (HL), (lY) replaces (HL) as operand and JP (lY) is 
executed. 

Even if DDH or FDH is added as first opcode for EX DE, HL, HL is not replaced and the 
instruction is regarded as illegal. 
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Table 23 Second Opcode Map 

Instruction format: CB XX 

















b (Lo = - 7) 





















2 


4 


6 





2 


4 


6 





2 


4 


6 








HI 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 






LO 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 






B 


0000 










































C 


0001 


1 


































1 




D 


0010 


2 


































2 




E 


0011 


3 


































3 




H 


0100 


4 


RLOg 


RL g 


SUg 






BIT b.g 






RES b,g 






SET b,g 




4 




L 


0101 


5 


































5 


< 


(HL) 


0110 


6 


(Note 1) 


(Note 1) 


(Note 1) 




(Note 1) 


(Note 1) 


(Note 1) 


6 


II 


A 


0111 


7 
















7 


X 


B 


1000 


8 


































8 




C 


1001 


9 


































9 


bO 


D 


1010 


A 


































A 




E 


1011 


B 


































B 




H 


1100 


C 


RRCg 


RR g 


SRAg 


SRLg 




BIT b.g 






RES b.g 






SET b.g 




C 




L 


1101 


D 


































D 




(HL) 


1110 


E 


(Note 1) 


(Note 1) 


(Note 1) 


(Note 1) 


(Note 1) 


(Note 1 ) 


(Note 1) 


E 




A 


1111 


F 
















F 











1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


















1 


3 


5 


7 


1 


3 


5 


7 


1 


3 


5 


7 


























b (Lo = 


8 - nF) 













Note 1 If DDH is added as first opcode for the instructions which have (HL) as operand in table 2, the instructions are executed replacing (HL) with (IX + 
d) 

If FDH is added as first opcode for the instructions which have (HL) as operand in table 2, the instructions are executed replacing (HL) with (lY + 
d) 



Table 24 Second Opcode Map 

Instruction format: ED XX 



WW (Lo = All) 



BC I DE I HL I SP 



g (Lo = - 7) 



Lo 



0000 



0001 



0010 



0011 



0100 



0101 



0110 



0111 



1000 1001 1010 1011 1100 1101 1110 1111 



6 



8 



9 



B 



0000 



0001 



0010 



0011 



0100 



0101 



0110 



0111 



1000 



1001 



1010 



1011 
1100 
1101 
1110 

1111 



INO g. (m) 



OUTO (m).g 



IN g. (C) 



LDI 



LDIR 



OUT (C).g 



CPI 



CPIR 



SBCHL.WW 



TST g 



|TST(HL) 



LP (mn).ww 



NEG 



RETN 



IM 



LDI.A IDA, 



INO g. (m) 



TSTm TSTIOin 



INI 



INIR 



OTIM OTIMR OUTI OTIR 



IM 1 



RRD 



OUTO (m),g 



IN g. (0) 



SLP 



OUT (0).g 



ADC HL.WW 



TST g 



LP WW. (mn) 
MLT WW 



LPP 



GPP 



INP 



OTPM OTDMR OUTP OTPR 



LPDR 



CPDR 



INPR 



RETI 



LOaA 



g (Lo = 8 - F) 



| IM 2 
LDAR 



RLD 
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■ BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE 

Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


lOE 


LIR 


HALT 


ST 


ADD HUww 


MCi 


TiTjTs 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 







MC2- 
MCs 


TiTITITi 




Z 


1 


1 


1 


1 


1 


1 


1 


ADDIKxx 
ADDIY.yy 


MCi 


TiTjTa 


1 St opcode 
Address 


1st 

opcode 





1 





1 





1 







MCs 


TiTaTa 


2nd opcode 
Address 


2nd 
opcode 





1 





1 





1 


1 




MCa- 
MCe 


TiTiTiTi 




Z 


1 


1 


1 


1 


1 


1 


1 


ADC HL.WW 
SBC HUww 


MCi 


TiTaTa 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 







MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 





1 





1 


1 




MC3- 
MCe 


TiTiTiTi 




Z 


1 


1 


1 


1 


1 


1 


1 


ADD A,g 
ADCA,g 


MCi 


TiT?T3 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 





SUBg 

SBCA,g 

ANDg 

ORg 

XORg 

CPg 


MCa 


Ti 




Z 


1 


1 


1 


1 


1 


1 


1 


ADD A.m 
ADCA,m 


MCi 


TiT?T3 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 





SUBm 

SBCA,m 

ANDm 

ORm 

XORm 

CPm 


MC2 


TiTjTa 


1 St operand 
Address 


m 





1 





1 


1 


1 


1 


ADDAJHU 
ADC A. (HU 
SUB (HU 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 





SBCA.(HU 
AND (HU 
OR (HU 
XOR (HU 
CP(HU 


MC2 


T1T2T3 


HL 


Data 





1 





1 


1 


1 


1 


ADD A. (1X4- d) 
ADDA,(IY+d) 
ADC A.(IX+d) 


MCi 


TiT2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 





ADCA.(IY4-d) 
SUB (1X4- d) 
SUB (lY-f d) 
SBCA.OX+d) 


MCa 


TiT2T3 


2nd opcode 
Address 


2nd 
opcode 





1 





1 





1 


1 



Z (Data): High impedance. 

••: New instructions added to Z80 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR ME 


IDE LIR 


HALT ST 


SBC A, OY+d) 
AND (IX+d) 


MC3 


T1T2T3 


1 St operand 
Address 


d 





1 


1 1 


1 1 


AND (lY+d) 
OR (IX+d) 
OR (lY+d) 
XOR (IX+d) 


MC4- 
MCs 


TiTi 


• 


Z 


1 


1 1 


1 1 


1 1 


XOR (lY+d) 

f^D /IV-1- ri\ 

Ur \lAT^ a) 

CP (IY+ d) 


MCe 


TiTaTa 


IX+d 
IY+ d 


Data 





1 


1 1 


1 1 


BIT b,g 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 


1 


1 




MC? 


TiT2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 


BIT b, (HL) 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 


1 


1 




MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


TiT2T3 


HL 


Data 





1 


1 1 


1 1 


RIT K /IY4- rl\ 
Dl 1 D, UAT^ 01 

BIT b, (lY+d) 


MC 1 


T .Tr.Tr, 

1 1 1 2 1 3 


1 st opcode 
Address 


1 st 

opcode 


u 


1 n 
1 u 


1 


1 




MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 u 






MC3 


T1T2T3 


1 St operand 
Address 


d 





1 


1 1 


1 1 




MC4 


T1T2T3 


3rd opcode 
Address 


3rd 

opcode 





1 


1 


1 1 




MCs 


T1T2T3 


IX+d 


Data 





1 


1 1 


1 1 


UALL mn 


MC 1 


T1T2T3 


1 st opcode 
Address 


1 st 

opcode 





1 


1 


1 




MC2 


T1T2T3 


1 st operand 
Address 


n 





1 


1 1 


1 1 




MC3 


T1T2T3 


2nd operand 
Address 


m 





1 


1 1 


1 1 




MC4 


Ti 




Z 


1 


1 1 


1 1 


1 1 




MCs 


T1T2T3 


SP- 1 


PCH 


1 





1 1 


1 1 




MCe 


T1T2T3 


SP-2 


PCL 


1 





1 1 


1 1 


CALL f,mn 
(If condition 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 


IS false) 


MC? 


T1T2T3 


1 st operand 
Address 


n 





1 


1 1 


1 1 



(continued) 



HITACHI 

760 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD641180X, HD643180X, HD647180X 



Machines 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR ME 


lOE LIR 


HALT ST 


CALL f.mn 


MCi 


TiT?T3 


1 st opcode 


1st 





1 


1 


1 


(If condition 






Address 


opcode 










is true) 


MC? 


T,T?T3 


1 St operand 
Address 


n 





1 


1 1 


1 1 




MC3 


T,T?T3 


2nd operand 
Address 


m 





1 


1 1 


1 1 




MC4 


Ti 


• 


Z 


1 


1 1 


1 1 


1 1 




MCs 


T,T?T3 


SP-1 


PCH 


1 





1 1 


1 1 




MCe 


TiT?T3 


SP-2 


PCL 


1 





1 1 


1 1 


CCF 


MCi 


TiT?T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 


CPI 


MCi 


TiT?T3 


1 st opcode 


1st 





1 


1 


1 


CPD 






Address 


opcode 












MC? 


T,T?T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


TiT?T3 


HL 


Data 





1 


1 1 


1 1 




MC4-- 


TiTiTi 




z 


1 


1 1 


1 1 


1 1 




MCb 
















CPIR 


MCi 


T,T?T3 


1st opcode 


1st 





1 


1 


1 


CPDR 






Address 


opcode 










(If BCR=ifcO and 
Ar=^(HUM) 


MC? 


TiT?T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MCa 


TiT?T3 


HL 


Data 





1 


1 1 


1 1 




MC4 — 


TiTiTiTiTi 




2 


1 


1 1 


1 1 


1 1 




MCs 
















CPIR 


MCi 


T1T2T3 


ls< opcode 


1st 





1 


1 


1 


CPDR 






Address 


opcode 










(If BCR=Oor 
Ar=(HL)M) 


MC? 


T,T?T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


T,T?T3 


HL 


Data 





1 


1 1 


1 1 




MC4 — 


TiTiTi 






•J 


1 1 


"1 y 


1 1 




MCb 
















CPL 


MCi 


T,T?T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 


DAA 


MCi 


TiT?T3 


1st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC? 


Ti 




Z 


1 


1 1 


1 1 


1 1 


Dl (Note 1) 


MCi 


TiT?T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 



(continued) 

Note- 1 Interrupt request is not sampled 
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Machine 



instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


iOE LIR 


HALT ST 


DJNZ J 


MCi 


T1T2T3 


1 st opcode 


1st 





1 





1 


1 


(If Br^O) 






Address 


opcode 














MC? 


Ti (Note 2) 


• 


Z 


1 


1 


1 


1 1 


1 1 




MC3 


T1T2T3 


1 St operand 
Address 


J-2 





1 





1 1 


1 1 




MC4- 


TiTi 




Z 


1 




1 


1 1 


1 1 




MC5 


















DJNZ J 


MCi 


T1T2T3 


1 St opcode 


1st 










1 


1 


(If Br=0) 






Address 


opcode 














MC? 


Ti (Note 1) 


• 


Z 


1 


1 


1 


1 1 


1 1 




MC3 


T1T2T3 


1 St operand 
Address 


J-2 





1 





1 1 


1 1 


El (Note 3) 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 










1 


1 


EX DE, HL 


MCi 


T1T2T3 


1 St opcode 


1st 










1 


1 


EXX 






Address 


opcode 












EX AF, AF' 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 





1 


1 




MC2 


Ti 




Z 


1 




1 


1 1 


1 1 


EX (SP), HL 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 










1 


1 




MC? 


T1T2T3 


SP 


Data 












1 1 




MC3 


T1T2T3 


SP+ 1 


Data 










1 1 


1 1 




MC4 


Ti 




Z 


1 




1 




1 1 




MCs 


TiTjTa 


SP+ 1 


H 


1 







1 1 


1 1 




MCe 


T1T2T3 


SP 


L 


1 







1 1 


1 1 


EX (SP),IX 


MCi 


T1T2T3 


1 st opcode 


1st 










1 


1 


EX (SP),IY 






Address 


opcode 














MC2 


TiT2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MCa 


T1T2T3 


SP 


Data 










1 1 


1 1 




MC4 


TiT2T3 


SP+ 1 


Data 










1 1 


1 1 




MC5 


Ti 




Z 


1 




1 


1 1 


1 1 


Note 2 DMA, refresh, or bus release cannot be executed after this state (Request is ignored ) 






(continued) 
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Machine 
















Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


lOE LIR 


HALT ST 


EX (SP). IX 


IViV<6 


1 1 1 ? 1 3 


SP+1 


IXH 


1 








1 1 


1 1 


EX (SP). lY 








lYH 














MC? 


TlT?T3 


SP 


IXL 
lYL 


1 








1 1 


1 1 


HALT 


MCi 


TiT?T3 


1st opcode 
Address 


1st 

opcode 










1 


1 









Next opcode 
Address 


Next 
opcode 










1 





IM 


MCi 


TiT?T3 


1 St opcode 


1st 










1 


1 


IM 1 






Address 


opcode 












IM Ji 


MC? 


TiT?T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 


INC g 


MC. 


TiT?T3 


1 St opcode 


1st 










1 


1 


ucv. g 






Address 


opcode 














MC? 


Ti 






■l 




•J 




^ -J 


iNr (HI \ 


MCi 


TiT?T3 


1 st opcode 


1st 


Q 




Q 


1 


1 


DEC (HU 






Address 


opcode 














MC? 


TiT?T3 


HL 


Data 











1 1 


1 1 




MC3 


Ti 












1 1 


1 1 




MC4 


T,T?T3 


HL 


Data 


1 







1 1 


1 1 


INC (IX+d) 


MCi 


TiT?T3 


1st opcode 


1st 










1 


1 


INC (lY+d) 






Address 


opcode 












DEC (IX+d) 
DEC (lY+d) 


MC? 


TiT?T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 


MC3 


TiT?T3 


1st operand 
Address 


d 










1 1 


1 1 




MC4- 


TiTi 




Z 


1 




1 


1 1 


1 1 




MCs 




















MC6 


TiT?T3 


IX+d 

IV -1- A 

IT a 


Data 





1 





1 1 


1 1 




MC/ 


TI 




Z 


1 




1 


1 1 


1 1 




MCs 


TiT?T3 


IX+d 
IY+ d 


Data 


1 







1 1 


1 1 


INC WW 


MCi 


TiT?T3 


1 St opcode 


1st 










1 


1 


DEC WW 






Address 


opcode 














MC? 


Ti 




Z 


1 




1 


1 1 


1 1 


INC IX 


MCi 


TiT?T3 


1st opcode 


1st 










1 


1 


INC lY 






Address 


opcode 












DEC IX 
DEC lY 


MC? 


TiT?T3 


2nd opcode 


2nd 










1 


1 1 






Address 


opcode 












MC3 


Ti 




Z 


1 




1 


1 1 


1 1 



(continued) 
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Machine 

Instruction Cycle States Address Data RD WR ME lOE LIR HALT ST 



IN A,(m) 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 





1 


1 







MC? 


TiT?T3 


1 St operand 


m 





1 





1 


1 1 


1 




MC3 


TiT?T3 


m to Ao — A 7 
A to As— A15 




Q 




■] 


Q 


1 


1 


IN g,(C) 


MCi 


T1T2T3 


1 a I ufJCUUc 

Address 


1 st 

opcode 


Q 







-l 





Q 




MC? 


TiTpTa 


Address 


2nd 
opcode 










1 





1 




MC3 


T1T2T3 


EC 


Data 







1 





1 


1 


INO g.(m)** 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





^ 





1 


1 







MC2 


T1T2T3 


2nd opcode 

AHHrocc 
MvJUi coo 


2nd 
opcode 





1 





1 


1 


1 




MC3 


T1T2T3 


1 St operand 


m 





1 





1 


1 1 


1 




MC4 


T1T2T3 


m to Ao^A/ 
OOH to As-Ais 




Q 




1 





I 


1 


INI 
IND 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 










1 


1 







MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 


1 




MCa 


T1T2T3 


BC 


Data 





1 


1 





1 1 


1 




MC4 


T1T2T3 


HL 


Data 


1 







1 


1 1 


1 


INIR 
INDR 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 










1 








(If Br^O) 


MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 


1 




MC3 


T1T2T3 


BC 


Data 







1 





1 


1 




MC4 


T1T2T3 


HL 




1 







1 


1 


1 




MC5— 
MCe 


Till 




z 


1 




1 


1 


"1 


1 


INIR 
INDR 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 










1 








(If Br= 0) 


MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 





1 




MC3 


T1T2T3 


BC 


Data 







1 





1 


1 




MC4 


T1T2T3 


HL 


Data 


1 








1 


1 


1 



(continued) 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


\A/D tiAC 


lOE LIR 


HALT ST 


JP mn 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC? 


T1T2T3 


1 st operand 
Address 


n 





1 


1 1 


1 1 




MC3 


T1T2T3 


2nd operand 
Address 


m 





1 


1 1 


1 1 


JP f,mn 


MCi 


T1T2T3 


1 St opcode 


1st 





1 


1 


1 


111 T IS taise) 






Address 


opcode 












MC? 


T1T2T3 


1 St operand 
Address 


n 





1 


1 1 


1 1 


JP f,mn 


MCi 


T,T2T3 


1 St opcode 


1st 





1 


1 


1 


(If f IS true) 






Address 


opcode 












MC2 


T1T2T3 


1 st operand 
Address 


n 





1 


1 1 


1 1 




MC3 


TiT2T3 


2nd operand 
Address 


m 





1 


1 1 


1 1 


JP (HL) 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 


JP (IX) 


MCi 


T1T2T3 


1 st opcode 


1st 





1 


1 


1 


JP (lY) 






Address 


opcode 












MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 


JR J 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC2 


TiT2T3 


1 st operand 
Address 


J-2 





1 


1 1 


1 1 




MC3- 


TiTi 




Z 


1 


1 1 


1 1 


1 1 




















JR C,j JR NCj 


MCi 


T1T2T3 


1 st opcode 


1st 





1 


1 


1 


ID "7 . ID M"7 . 

JR Z,j JR NZ,j 






Address 


opcode 










(If condition 
IS false) 


MC2 


T1T2T3 


1 st operand 
Address 


J-2 





1 


1 1 


1 1 


JR C,j JR NCj 


MCi 


T1T2T3 


1 st opcode 


1st 





1 


1 


1 


ID 7 . ID M7 • 

Jn Z.,J Jn rMZ.,J 






Address 


opcode 










(If condition 
IS true) 


MC2 


T1T2T3 


1st operand 
Address 


J-2 





1 


1 1 


1 1 




MC3 — 


TiTi 




Z 


1 


1 1 








MC4 
















LD g,g 


MC 1 


T 1T2T3 


Address 


1 st 

opcode 





1 


1 


1 




MC2 


Ti 




Z 


1 


1 1 


1 1 


1 1 


LD g,nn 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC2 


T1T2T3 


1 st operand 
Address 


m 





1 


1 1 


1 1 



(continued) 
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Machine 



Instniction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


lOE LIR 


HALT ST 


LD g, (HL) 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 


1 




MC? 


T1T2T3 


HL 


Data 










1 1 




LD g. (IX+d) 
LD g, (IY+ d) 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 


1 




MC? 


TiTjTa 


2nd opcode 
Address 


2nd 
opcode 





1 





1 


1 , 




MC3 


TiT?T3 


1 St operand 
Address 


d 





1 





1 1 


1 1 




MC4- 
MCs 


TITI 




z 


1 




1 


1 1 






MCe 


T,T2T3 


IX+d 
lY+d 


Data 










1 1 




LD (HL),g 


MCi 


TiT?T3 


1 St opcode 
Address 


1st 

opcode 










1 


1 




MC? 


Ti 




Z 


1 




1 


1 1 






MC3 


T1T2T3 


HL 


n 

y 


1 







1 1 




LD (IX+d),g 
LD (IY+d),g 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 





1 


1 




MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 






MC3 


T1T2T3 


1 St operand 
Address 


d 





1 





1 1 


, , 




MC4- 
MCe 


TITiTi 




Z 


1 




1 


1 1 






MC? 


TiT2T3 


IX+d 
lY+d 


g 


1 







1 1 




LD (HU,m 


MCi 


TiT2T3 


1st opcode 
Address 


1st 

opcode 










1 






MC? 


TiT2T3 


1st operand 
Address 


m 










1 1 






MC3 


T1T2T3 


HL 


Data 


1 







1 1 




LD (IX+d).m 
LD (IY+d),m 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 










1 


1 




MCs 


T,T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 





1 


1 1 




MO3 


T1T2T3 


1st operand 
Address 


d 










1 1 






MC4 


TiTjTa 


2nd operand 
Address 


m 










1 1 






MCs 


T,T2T3 


IX+d 
lY+d 


Data 


1 








1 1 




LD A, (BC) 
LD A, (DE) 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 


1 



(continued) 
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Machine 



Instruction 




States 






RD 


WR ME 


IOE LIR 


HALT ST 


LD A, (BC) 
LU A, \ut.} 


MC? 


T1T2T3 


BC 
DE 


Data 





1 


1 1 


1 1 


LD A,(mn) 


MC 1 


T 1T2T3 


1st opcode 
Address 


1 st 

opcode 





1 


1 


1 




MC? 


1 1 1 2 1 3 


1 st operand 
Address 




Q 


1 


1 1 


1 1 




MCa 


T1T2T3 


2nd operand 
Address 


m 





1 


1 1 


1 1 




MC4 


T1T2T3 


mh 


Data 





1 


1 1 


1 1 


1 n /DP\ A 

LU Vt3U/,A 

LD (DE),A 


MC 1 


T1T2T3 


1st opcode 
Address 


1 st 

opcode 


n 
u 


1 


1 n 
1 u 


1 
1 u 




MC2 


Jl 






1 


1 1 


1 1 


1 1 




MC3 


T1T2T3 


BC 
DE 


A 


1 





1 1 


1 1 




MCi 


T1T2T3 


1 si U|JUvnJB 

Address 


1st 

opcode 





1 


1 


1 




MC? 


T1T2T3 


1 St operand 
Address 


n 





1 


1 1 


1 1 




MC3 


T1T2T3 


2nd operand 
Address 


m 





1 


1 1 


1 1 




MC4 


Ti 




Z 


1 


1 1 


1 1 


1 1 




MCs 


T1T2T3 


mn 


A 


1 





1 1 


1 1 


LD A.I (Note 4) 
LD A,R 


MCi 


TiTjTa 


1 St opcode 
Address 


1st 

opcode 





1 


1 


1 


LD l,A 
LD R,A 


MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 


LD WW, mn 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 


1 


1 




MC2 


T1T2T3 


1st operand 
Address 


n 





1 


1 1 


1 1 




MC3 


T1T2T3 


2nd operand 
Address 


m 





1 


1 1 


1 1 


LD IX,mn 

1 rt IV mn 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MQa 


T1T2T3 


1 St operand 
Address 


n 





1 


1 1 


1 1 




MC4 


T,T2T3 


2nd operand 
Address 


m 





1 


1 1 


1 1 


LD HL, (mn) 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC2 


T1T2T3 


1 St operand 
Address 


n 





1 


1 1 


1 1 



(continued) 

Note 4 Interrupt request is not sampled 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


iviil 


iOE Or halt st 


LD HL. (mn) 


MC3 


TiTaTa 


2nd operand 
Address 


m 





1 





1111 




MC4 


TiT?T3 


mn 


Data 










1111 




MCs 


TiT?T3 


mn+ 1 


Data 










1111 


LD vvw,(mn) 


MCi 


TiT?T3 


1st opcode 
Address 


1st 

opcode 










10 10 




MC? 


TiT?T3 


2nd opcode 
Address 


2nd 
opcode 





1 





10 11 




MCa 


T,T?T3 


1st operand 
Address 


n 










1111 




MC4 


TiTsTa 


2nd operand 
Address 


m 










1111 




MCs 


TiT?T3 


mn 


Data 










1111 




MCe 


T1T2T3 


mn+ 1 


Data 










1111 


LD IX.(mnJ 
LD IY.{mn) 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 










10 10 




MC? 


TiTsTa 


2nd opcode 
Address 


2nd 
opcode 





1 





10 11 




MCa 


TiT?T3 


1st operand 
Address 


n 










1111 




MC4 


TiTjTa 


2nd operand 
Address 


m 










1111 




MCs 


TiT?T3 


mn 


Data 










1111 




MCe 


TiTjTa 


mn+ 1 


Data 










1111 


LD (mn),HL 


MCi 


TiTpTa 


1st opcode 
Address 


1st 

opcode 





1 





10 10 




MC? 


TiT?T3 


1st operand 
Address 


n 





1 





1111 




MCa 


T,T?Ta 


2nd operand 
Address 


m 










1111 




MC4 


Ti 




Z 


1 




1 


1111 




MCs 


TiT?T3 


mn 


L 


1 








1111 




MCs 


TiT?T3 


mn+ 1 


H 


1 








1111 



(continued) 



768 



HITACHI 

Hitachi America. Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane. CA 94005-1819 • (415) 589-8300 



HD641180X, HD643180X, HD647180X 



Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


lOE LIR 


HALT ST 


LD (mn),ww 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 










1 


1 




MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MC3 


T1T2T3 


1 St operand 
Address 


n 





1 





1 1 


1 1 




MC4 


T1T2T3 


2nd operand 
Address 


m 





1 





1 1 


1 1 




MC5 


Ti 




Z 


1 


1 


1 


1 1 


1 1 




MCe 


T1T2T3 


mn 


wwL 


1 







1 1 


1 1 




MC7 


T1T2T3 


mn+ 1 


wwH 


1 







1 1 


1 1 


LD (mn),IX 
LD (mn),IY 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





^ 





1 


1 




MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MC3 


T1T2T3 


1st operand 
Address 


n 










1 1 


1 1 




MC4 


T1T2T3 


2nd operand 
Address 


m 










1 1 


1 1 




MC5 


Ti 




Z 


1 


^ 


1 


1 1 


1 1 




MCe 


T1T2T3 


nnn 


IXL 
lYL 


1 








1 1 


1 1 




MC7 


TiT2T3 


nnn+ 1 


IXH 
lYH 


1 








1 1 


1 1 


LD SP, HL 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 





1 





1 


1 




MC2 


Ti 




Z 


1 




1 


1 1 


1 1 


LD SP,IX 
LD SP,IY 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





— j — 





1 


1 




MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MC3 


Ti 


• 


Z 


1 




1 


1 1 


1 1 


LDI 
LDD 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 










1 


1 




MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MC3 


T1T2T3 


HL 


Data 










1 1 


1 1 




MC4 


T1T2T3 


DE 


Data 


1 








1 1 


1 1 
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Instruction 


Machine 
Cycle 


States 


Address 


Data 


RD 


WR 


ME 


ICE 


LIR 


HALT ST 


LDIR 
LDDR 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 


(If BCrt^O) 


MCs 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 















1 1 




MC3 


TiTjTs 


HL 


Data 












1 


1 1 




MC4 


TiT2T3 


DE 


Data 


1 









1 


1 1 




MCs- 
MCe 


TiTi 


• 


Z 


1 




1 




1 


1 1 


LDIR 
LDDR 


MCt 


TiTjTs 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 


(If BCr=0) 


MC? 




2nd opcode 
Address 


2nd 
opcode 















1 1 




MC3 


TiTsTs 


HL 


Data 












1 


1 1 




MC4 


T1T2T3 


DE 


Data 


1 









1 


1 1 


MLT WW** 


MCi 


TiTjTa 


1st opcode 
Address 


1st 

opcode 















1 




MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 















1 1 




MC3- 
MC,3 


TITiTiTi 
TiTiTiTI 
TiTiTi 




z 


1 




1 




1 


1 1 


NEG 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 















1 




MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 















1 1 


NOP 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 















1 


OUT {m),A 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 





1 




MC? 


T1T2T3 


1 st operand 
Address 


m 












1 


1 1 




MC3 


Ti 




Z 


1 




1 




1 


1 1 




MC4 


TiT2T3 


m to Ao— A7 
A to Ab—Ais 


A 


1 





1 





1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


lOE LIR 


HALT ST 


OUT (C),g 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 










1 


1 




MC? 


TiT?T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MC3 


Ti 




Z 


1 




1 


1 1 


1 1 




MC4 


T1T2T3 


BC 


g 


1 




1 


1 


1 1 


OUTO (m),g" 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 





1 


1 




MC2 


TiTjTa 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MC3 


T1T2T3 


1 St operand 
Address 


m 





1 





1 1 


1 1 




MC4 


Ti 




Z 


1 




1 


1 1 


1 1 




MCs 


T1T2T3 


m to Ao— A7 
OOH to A8-A15 


g 


1 




1 


1 


1 1 


OTIM*' 


MCi 


T1T2T3 


1 St opcode 


1st 










1 


1 


OTDM" 






Address 


opcode 














MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 





1 


1 1 




MC3 


Ti 




Z 


1 




1 


1 1 


1 1 




MC4 


T1T2T3 


HL 


Data 










1 1 


1 1 




MC5 


T1T2T3 


C to A0-A7 
OOH to A8-A15 


Data 


1 




1 


1 


1 1 




MCe 


Ti 


• 


Z 


1 




1 


1 1 


1 1 


OTIMR" 


MCi 


T1T2T3 


1 st opcode 


1st 










1 


1 


OTDMR" 






Address 


opcode 












(If Br=5fcO) 


MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 





1 


1 1 




MC3 


Ti 


• 


Z 


1 


1 


1 


1 1 


1 1 




MC4 


T1T2T3 


HL 


Data 





1 





1 1 


1 1 




MCs 


T1T2T3 


C to A0-A7 
OOH to As-Ais 


Data 


1 




1 


1 


1 1 




MCe- 


TiTiTi 


♦ 


Z 


1 


1 


1 


1 1 


1 1 




MCa 


















OTIMR" 


MCi 


T1T2T3 


1st opcode 


1st 










1 


1 


OTDMR" 






Address 


opcode 












(If Br=0) 


MCa 


TiT2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MC3 


Ti 




Z 


1 




1 


1 1 


1 1 




MC4 


TiT2T3 


HL 


Data 










1 1 


1 1 




MCs 


T1T2T3 


C to A0-A7 
OOH to A8-A15 


Data 


1 





1 


1 


1 1 




MCe 


TI 




Z 


1 


1 


1 


1 1 


1 1 
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Mschino 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR ME 


ioi Or 


MSLT ST 


OUTI 
OUTD 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


TiTjTa 


HL 


Data 





1 


1 1 


1 1 




MC4 


TiT?T3 


BC 


Data 


1 


1 


1 


1 1 


OTIR 
OTDR 


MCi 


TiTpTs 


1st opcode 
Address 


1st 

opcode 





1 


1 


1 


Of Br^O) 


MC? 


TiT?T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


TiT?T3 


HL 


Data 





1 


1 1 


1 1 




MC4 


T,T?T3 


BC 


Data 


1 


1 


1 


1 1 




MCs- 
MCe 


TiTi 


• 


Z 


1 


1 1 


1 1 


1 1 


OTIR 
OTDR 


MCi 


TiTsTa 


1 St opcode 
Address 


1st 

opcode 





1 


1 


1 


\n or — KJf 


MC? 


T,T?T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


TiT?T3 


HL 


Data 


u 


1 n 


1 1 


1 1 




MC4 


T,T?T3 


BC 


Data 


1 


1 


1 


1 1 


POPzz 


MCi 


TiT?T3 


1st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC? 


T,T?T3 


SP 


Data 





1 


1 1 


1 1 




MC3 


T,T?T3 


SP+1 


Data 





1 


1 1 


1 1 


POP IX 
POPIY 


MCi 


TiT?T3 


1st opcode 
Address 


1st 

opcode 





1 


1 


1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


ICE LIR 


HALT ST 


POP IX 
POP lY 


MC? 


T,T?T3 


2nd opcode 
Address 


2nd 
opcode 





1 





1 


1 1 




MC3 


TiTjTa 


SP 


Data 





1 





1 1 


1 1 




MC4 


TiTjTa 


SP+1 


Data 





1 





1 1 


1 1 


PUSH zz 


MCi 


TiTaTa 


1 St opcode 
Address 


1st 

opcode 





1 





1 


1 




MC2- 
MC3 


TiTi 




Z 


1 


1 


1 


1 1 


1 1 




MC4 


T,T?T3 


SP-1 


zzH 


1 








1 1 


1 1 




MC5 


TiTjTa 


SP-2 


zzL 


1 








1 1 


1 1 


PUSH IX 
PUSH lY 


MC. 


TiT?T3 


1 St opcode 
Address 


1st 

opcode 





1 





1 


1 




MC? 


TiTjTa 


2nd opcode 
Address 


2nd 
opcode 





1 





1 


1 1 




MC3- 
MC4 


TiTi 




Z 


1 


1 


1 


1 1 


1 1 




MCs 


TiTsTa 


SP-1 


IXH 
lYH 


1 








1 1 


1 1 




MCe 


TiTjTa 


SP— 2 


IXL 
lYL 


1 








1 1 


1 1 


RET 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 





1 


1 




MC? 


TiT2T3 


SP 


Data 





1 





1 1 


1 1 




MC3 


T,T?T3 


SP+1 


Data 





1 





1 1 


1 1 


RETf 

(If condition 


MCi 


TiT?T3 


1st opcode 
Address 


1st 

opcode 





1 





1 


1 




MC?- 
MC3 


TiTi 




Z 


1 


1 


1 


1 1 


1 1 


RETf 

Of condition 


MC, 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 


1 


IS true) 


MC? 


Ti 




Z 


1 


1 


1 


1 1 


1 1 




MCs 


T1T2T3 


SP 


Data 





1 





1 1 


1 1 




MC4 


TiTjTa 


SP+1 


Data 





1 





1 1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


IOE LIR 


HALT ST 


RETI 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 










1 5 
1 


1 




MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 5 
1 






MC3~ 


TiTiTi 


• 


Z 


1 




1 


1 1 5 


1 1 




MC5 














1 






MCe 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 










1 5 







MC7 


Ti 


• 


Z 


1 




1 


1 1 5 
1 


1 1 




MCa 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 





1 5 
1 


1 1 




MC9 


T1T2T3 


or 


Data 


Q 







1 1 5 
1 






MC 1 


TiTpTs 


SP+ 1 


Data 


Q 




Q 


1 1c 

1 1 5 
1 




RLCA 


MC 1 


T1T2T3 


1st opcode 


1 st 


Q 




Q 


1 Q 


1 


RLA 






Address 


opcode 












RRCA 




















RRA 




















RLC g 


MCi 


T1T2T3 


1 St opcode 


1st 





1 





1 


1 


RLg 






Address 


opcode 












RRC 9 


MC? 


T1T2T3 


2nd opcode 


2nd 










1 


1 1 


RRg 
SLA g 
SRAg 






Address 


opcode 












MC3 


Ti 


• 


Z 


1 




1 


1 1 


1 1 


SRLg 




















RLC (HL) 


MCi 


T1T2T3 


1 St opcode 


1st 










1 


1 


RL (HL) 






Address 


opcode 












RRC (HL) 
RR (HL) 
SLA (HL) 
SRA (HL) 


MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 


MC3 


TiT2T3 


HL 


Data 










1 1 


1 1 


SRL (HL) 


MC4 


Ti 




Z 


1 




1 


1 1 


1 1 




MC5 


T1T2T3 


HL 


Data 


1 








1 1 


1 1 



Note 5 The upper and lower data show the state of LIR when LIRE = 1 and LIRE = respectively 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


v5i Or 


HALT ST 


RLC (IX -1- d) 


MCi 


T1T2T3 


1st opcode 


1st 





1 





1 


1 


RLC (lY + d) 






Address 


opcode 












RL (IX + d) 
RL (lY + d) 
RRC (IX + d) 
PRC (iY 4- H\ 

RR (IX + d) 


MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 




MCa 


TiTjTa 


1st operand 
Address 


d 





1 





1 1 


1 1 


RR (IY + d) 


MC4 


TiTjTa 


3rd opcode 


3rd 










1 




SLA (IX 4- d) 






Address 


opcode 












SLA (IY + d) 
SRA (IX + d) 
SRA (IY -f d) 
SRL (IX + d) 


MCs 


TiTjTa 


IX+d 
lY+d 


Data 





1 





1 1 


1 1 


MCe 


Ti 




Z 


1 


'\ 


1 


1 1 




SRL (IY + d) 


MC/ 


T1T2T3 


IX+d 
lY+d 


Data 


1 







1 1 


1 1 


RLO 


MCi 


T1T2T3 


1 St opcode 


1st 





1 





1 


1 


RRD 






Address 


opcode 














MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MCa 


T1T2T3 


HL 


Data 





1 





1 1 


1 1 




MC4- 


TiTITiTi 


• 


Z 


1 


1 


1 


1 1 


1 1 




MC/ 




















MCe 


T1T2T3 


HL 


Data 


1 







1 1 




RST V 


MCi 


TiT2T3 


1 St opcode 
Address 


1st 

opcode 










1 


1 




MC?- 


TiTi 


• 


Z 


1 


1 


1 


1 1 


1 1 




MCa 




















MC4 


TiTjTa 


SP-1 


PCH 


1 







1 1 


1 1 




MCs 


T,T2T3 


SP-2 


PCL 


1 







1 1 


1 1 


SCF 


MCi 


T1T2T3 


1st opcode 
Address 


1st 

opcode 





1 





1 


1 


SET b.g 


MCi 


T1T2T3 


1 St opcode 


1st 





1 





1 


1 


RES b,g 






Address 


opcode 


















2nd opcode 


2nd 














MC2 


T1T2T3 


Address 


opcode 










1 


1 1 




MC3 


Ti 


• 


Z 


1 


1 


1 


1 1 


1 1 


SET b, (HL) 


MCi 


T1T2T3 


1st opcode 


1st 










1 


1 


QCC K iUU \ 






Address 


opcode 














MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 










1 


1 1 




MCa 


T1T2T3 


HL 


Data 










1 1 


1 1 




MC4 


Ti 




Z 


1 




1 


1 1 


1 1 




MCs 


TiT2T3 


HL 


Data 


1 








1 1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR ME 


lOE LIR 


HALT ST 


SET b, (IX+d) 
SET b, (lY+d) 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 


1 


1 


RES b, (IX+ d) 
RES b, (lY+d) 


MCa 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 p 


1 1 




MC3 


T1T2T3 


1 St operand 
Address 


d 





1 


1 1 


1 1 




MC4 


T1T2T3 


3rd opcode 
Address 


3rd 

opcode 





1 


1 


1 1 




MC5 


T1T2T3 


IX+d 
lY+d 


Data 





1 


1 1 


1 1 




MCe 


Ti 




Z 


1 


1 1 


1 1 


1 1 




MC7 


T1T2T3 


IX+d 
lY+d 


Data 


1 





1 1 


1 1 


SLP" 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 


1 


1 




MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




_ 


_ 


FFFFFH 


Z 


1 


1 1 


1 1 


1 


TSTIO m" 


MCi 


T1T2T3 


1 St opcode 
Address 


1st 

opcode 





1 


1 


1 




MC2 


T1T2T3 
Address 


2nd opcode 
opcode 


2nd 





1 


1 


1 1 




MC3 


T1T2T3 


1 St operand 
Address 


m 





1 


1 1 


1 1 




MC4 


T1T2T3 


C to A0-A7 
OOH to A8-A15 


Data 





1 1 


1 


1 1 


TST g-* 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


Ti 




Z 


1 


1 1 


1 1 


1 1 


TST m^' 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC? 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


T1T2T3 


1 st operand 
Address 


m 





1 


1 1 


1 1 


TST (HU" 


MCi 


T1T2T3 


1 st opcode 
Address 


1st 

opcode 





1 


1 


1 




MC2 


T1T2T3 


2nd opcode 
Address 


2nd 
opcode 





1 


1 


1 1 




MC3 


Ti 




Z 


1 


1 1 


1 1 


1 1 




MC4 


T1T2T3 


HL 


Data 





1 


1 1 


1 1 
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INTERRUPT 

Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD 


WR 


ME 


lOE LIR 


HALT ST 


NMi 


MCi 


TiT2T3 


Next opcode 
Address (PC) 


Z 





1 





1 


1 




MC?- 


TiTi 


. 


Z 


1 


1 


1 


1 1 


1 1 




MC3 




















MC4 


T1T2T3 


SP-1 


PCH 


1 








1 1 


1 1 




MCs 


TiT^Ta 


SP-2 


PCL 


1 








1 1 


1 1 


iNT^ModeO 


MCi 


T1T2TW 


Next opcode 


1st 


1 


1 


1 




1 


(RST Inserted) 






Address (PC) 


opcode 














MC2- 


TiTi 


• 


Z 


1 


1 


1 


1 1 


1 1 




MC3 




















MC4 


TiT^Ta 


SP-1 


PCH 


1 














MCs 


TiT?T3 


SP-2 


PCL 


1 












iNT^ModeO 


MCi 


TiT^Tw 


Next opcode 


1st 


1 


1 


1 




1 


(CALL 




TwTs 


Address (PC) 


opcode 












Inserted) 


MC? 


T1T2T3 


PC 


n 





1 











MC3 


TiTjTa 


PC+ 1 


m 





1 











MC4 


Ti 




Z 


1 


1 


1 


1 1 


1 1 




MCs 


TiTjTa 


SP-1 


PC+ 2(H) 


1 








1 1 


1 1 




MCe 


TiT?T3 


SP-2 


PC4-2(L) 


1 










1 1 


Int^ Mode 1 


MCi 


TiT^Tw 
TwTa 


Next opcode 
Address (PC) 


Z 


1 


1 


1 




1 




MC? 


T1T2T3 


SP-1 


PCH 


1 














MC3 


T1T2T3 


SP-2 


PCL 


1 








1 1 




INTo Mode 2 


MCi 


T1T2TW 


Next opcode 
Aaoress \rv*/ 


Vector 


1 


1 


1 




1 




MC? 


Ti 




Z 


1 


1 


1 








MC3 


TiT2T3 


SP— 1 


PCH 


1 














MC4 


TiT2T3 


CD 

or 4. 


rv*L 


^ 


Q 


Q 








MCs 


T1T2T3 


1, Vector 


Data 





1 


u 








MCe 


T1T2T3 


1, Vector+ 1 


Data 





1 









W^^ 


MCi 


TiT2Tw 


Next opcode 


Z 


1 


1 


1 






INT? 




TyyTs 


Address (PC) 














Internal 


MC2 


Ti 




z 


1 


1 


1 






hiterrupts 


MC3 


T1T2T3 


SP-1 


PCH 


1 














MC4 


T1T2T3 


SP-2 


PCL 


1 














MCs 


T1T2T3 


1, Vector 


Data 





1 











MCe 


T1T2T3 


1, Vector+ 1 


Data 





1 
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Request 


Normal Operation 

(CPU mode) 
(I/O Stop mode) 


Wait State 


Refresh Cycle 


Interrupt 
Acknowledge 
Cycle 


DMA Cycle 


Bus Release 
Mode 


Sleep mode 


System Stop 
Mode 


WAiT 


Accepted 


Accepted 


Not accepted 


Accepted 


Accepted 


Not accepted 


Not accepted 


Not accepted 


Refresh Request 
(Request of 

Refresh by the on-chip 
Refresh Controller) 


Refresh cycle 

begins at 

the end of MC 


Not accepted 


Not accepted 


Refresh cycle 
begins at 
the end of 
MC 


Refresh cycle 
begins at 
the end of 
MC 


Not accepted 


Not accepted 


Not accepted 


DREQo 
DREQi 


DMA cycle 
begins at the 
end of MC 


DMA cycle 
begins at the 
end of MC 


Accepted 
If refresh 
cycle precedes 
DMA cycle 
begins at the 
end of one 
MC 


Accepted 
DMA cycle 
begins at the 
end of MC 


Accepted 
Refer to 
Section 10 
"DMA 
Controller" 
for details 


Accepted 
*, After bus 
frelease 
cycle, DMA 
cycle begins 
at the end of 
one MC 


Not accepted 


Not accepted 


BUSREQ 


Bus IS released 
at the end of 
MC 


Not accepted 


Not accepted 


Bus IS released 
at the end of 
MC 


Bus is released 
at the end of 
MC 


Continue bus 

release 

mode. 


Accepted 


Accepted 


Interrupt INTo, INTi, 
INT2 


Accepted after 
executing the 
current 
instruction. 


Accepted after 
executing the 
current 
instructon 


Not accepted 


Not accepted 


Not accepted 


Not accepted 


Accepted 
Retum from 
sleep mode 
to normal 
operation 


Accepted 
Retum from 
system stop 
mode to normal 
operation 


Internal 
I/O 

Interrupt 


Accepted after 
executing the 
current 
instruction 


Accepted after 
executing the 
current 
instructon 


Not accepted 


Not accepted 


Not accepted 


Not accepted 


Accepted 
Retum from 
sleep mode 
to normal 
operation 


Not accepted 


NMI 


Accepted after 
executing the 
current 


Accepted after 
executing the 
current 


Not accepted 


Not accepted 

Interrupt 

acknowledge 


Accepted 
DMA cycle 
stops 


Not accepted 


Accepted 
Retum from 
sleep mode 


Acceptable 
Return from 
system stop 



instmction. instruction cycle precedes to normal mode to normal 

NMI is accepted operation operation, 

after executing 
the next in- 
struction 



Notes *. not acceptable when DMA Request is in level sense 
MC: Machine Cycle 



HD641180X, HD643180X, HD647180X 

Request Priority 

The HD643180X/HD647180X has the following three types of requests. 

Type 1 : To be accepted in specified state WAIT 

Type 2: To be accepted in each machine cycle Refresh Req. 

DMA Req. 
Bus Req. 

Type 3: To be accepted in each instruction Interrupt Req. 

Type 1, type 2, and type 3 request priority is as follows: 
Highest priority Type 1 > Type 2 > Type 3 Lowest priority 
Type 2 request priority is as follows: 

Highest priority Bus Req. > Refresh Req. > DMA Req. Lowest priority 

Note : If Bus Req. and Refresh Req. occurs simultaneously, Bus Req. is accepted. 

Refer to * 'Section 8, Interrupts" for type 3 request priority. 

Type 4: To be accepted in last machine cycle 

Highest priority Bus Req. from Bus masters > Interrupt Req. 
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Operation Mode Transition 




Figure 19. Operation fViode Transitions 
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Notes : 1 Normal. CPU executes instructions normally in normal mode. 

2. DMA request: DMA is requested in the following cases. 

(1) DREQo, DREQi (memory to/from (memory-mapped) I/O DMA transfer) 

(2) DEO = 1 (memory to/from memory DMA transfer) 

3. DMA end: DMA ends in the following cases. 

(1) DREQo, DREQT = 1 (memory to/from (memory-mapped) I/O DMA transfer) 

(2) BCRO, BCR1 = OOOOH (all DMA transfers) 

(3) NMI = (all DMA transfers) 

The following operation mode transitions are also possible 
Halt ^ [DMA I 

\ Refresh \ 
[Bus Release J 

I/O Stop ^ [DMA ] 

\ Refresh r 
[Bus Release J 

Sleep ^ Bus Release 

System Stop "^ ["^ Bus Release 
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Status Signals 

Table 26. shows pin outputs in each operating mode. 
Table 26 Pin Outputs 



Address Data 



Mode 




UR 


ME 


ICE 


RD 


WR 


REF HALTBUSACK 


ST 


Bus 


Bus 


CPU 


Opcode Fetch 








1 





1 


1 1 


1 





A 


In 


operation 


{1st opcode) 
























OnrnHp Fptrh 








1 





1 


1 1 


1 


1 




In 




{except 1st 
























opcode) 
























Memory Read 


1 





1 





1 


1 1 


1 


1 


A 


in 




Memory Write 


1 





1 


1 





1 1 


1 


1 


A 


Out 




I/O Read 


1 


1 








1 


1 1 


1 


1 


A 


In 




I/O Write 


1 


1 





1 





1 1 


1 


1 


A 


Out 




Internal 


1 


1 


1 


1 


1 


1 1 


1 


1 


A 


In 




Operation 






















Refresh 




1 





1 


1 


1 


1 


1 


* 


A 


In 


Interrupt 


NMT 








1 




1 


1 1 


1 





A 


In 


Acknow- 
ledge Cycle 
{1st 


Wfo 





1 







1 


1 1 


1 





A 


In 


lism, »snT& 


1 


1 


1 




1 


1 1 


1 





A 


In 


machine 


Internal Interrupts 






















cycle) 
























Bus Release 




1 


z 


z 


z 


z 


1 1 







Z 


In 


Halt 










1 





1 


1 







A 


In 


Sleep 




1 


1 


1 


1 


1 


1 




1 


1 


In 


Internal 


Memory Read 


1 





1 





1 


1 * 







A 


IN 


DMA 


Memory Write 


1 





1 


1 





1 * 







A 


Out 




I/O Read 


1 


1 








1 


1 * 







A 


In 




I/O Write 


1 


1 





1 












A 


Out 


Reset 




1 


1 


1 


1 


1 


1 1 




1 


Z 


In 



Note 1 : High 
: Low 

A : Programmable 
Z : High Impedance 
In : Input 
Out : Output 
* : invalid 
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■ INTERNAL I/O REGISTERS 

By programming I0A7 in the I/O control register, internal I/O register addresses are 
relocatable within ranges from OOOOH to OOFFH in the I/O address space. 



Register 



Mnemonic 



ASCI Control Register A Channel 

(CNTLAO) 



ASCI Control Register A Channel 1 
(CNTLA1) 



ASCI Control Register B Channel 
(CNTLBO) 



Address 







1 



2 



Remarks 



bit 


MPE 


RE 


TE 


RTSO 


MPBR/ 
EFR 


M0D2 


MODI 


MODO 


Dunng reset 











1 


invalid 











R/W 


R/W 


R/W 


R/W 


RAW 


RAA/ 


R/W 


R/W 


R/W 



Mode Selection 
Multi Processor Bit Receive/ 
Error Flag Reset 
Request To Send 
Transmit Enable 
Receive Enable 
' — Multi Processor Enable 



bit 


MPE 


RE 


TE 


CKAID 


MPBR/ 
EFR 


M0D2 


MODI 


MODO 


Dunng reset 











1 


invalid 











R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



L- Mode Selection 
•-Multi Processor Bit Receive/ 
Error Flag Reset 
CKA1 Disable 
^Transmit Enable 
l— Receive Enable 
- Multi Processor Enable 



M0D2, 


1, 
























Start + 


7 bit Data 




1 Stop 










1 


Start + 


7 bit Data 


+ 


2 Stop 







1 





Start + 


7 bit Data 


+ 


Panty + 


1 Stop 





1 


1 


Start + 


7 bit Data 


+ 


Parity + 


2 Stop 


1 








Start -f 


8 bit Data 


4- 


1 Stop 




1 





1 


Start + 


8 bit Data 


+ 


2 Stop 




1 


1 





Start + 


8 bit Data 




Panty + 


1 Stop 


1 


1 


1 


Start + 


8 bit Data 


+ 


Parity -f 


2 Stop 



Dunng reset 
R/W 



MPBT 


MP 


CTS/ 
PS 


PEO 


DR 


SS2 


SSI 


SSO 


invalid 













1 


1 


1 


R/W 




R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



Clock Source and 
Speed Select 
' — Divide Ratio 
' — Panty Even or Odd 
^ Clear To Send/Prescale 
' — Multi Processor 
-Multi Processor Bit Transmit 



' CTS Depends on the condition of CTS Pin 
PS Cleared to 



(continued) 
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Register 



Mnemonic 



ASCI Control Register B Channel 1 
(CNTLB1) 



ASCI Status Register Channel 
(STATO) 



ASCI Status Register Channel 1 
(STAT1) 



Address 



3 



4 



5 



Remarks 



bH 

During reset 
R/W 



MPBT 


MP 


PS 


PEO 


DR 


SS2 


SSI 


SSO 


invalid 














1 


1 


1 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


RW 



Clock Source and 
Speed Select 
Divide Ratk> 
Parity Even or Odd 
^ Clear To Send/Prescale 
I— Muhi Processor 
I — Multi Processor Bit Transmit 



General 


PS = 


= 


PS 


= 1 


divide ratk) 


(divide ratio = 10) 


(divkle ratio = 30) 


SS2.1.0 


DR= 0(X16) 


DR= 1(X64) 


DR = 0(X16) 


DR = 1(X64) 


000 


<^-*- 160 


<^-J- 640 


480 


1920 


001 


-5- 320 


-J- 1280 


+ 960 


+ 3840 


01 


^- 640 


-i- 2560 


1920 


■8- 7680 


01 1 


-i- 1280 


5120 


^ 3840 


15360 


100 


+ 2560 


^10240 


- 7680 


+ 30720 


101 


+ 5120 


^20480 


15360 


+ 61440 


110 


■5- 10240 


■*■ 40960 


+ 30720 


122880 


1 1 1 


External ck>ck (frequency < 


(t> -*-40) 





bit 

During reset 
R/W 



RDRF 


OVRN 


PE 


FE 


RIE 


bm 


TDRE 


TE 
























R 


R 


R 


R 


R/W 


R 


R 


R/W 



» — Parity En'or 
Over Run Error 

Receive Data Regi sterFu H 

* fSi^ : Depends on the condition of DCDo Pin. 

bit 

During reset 
R/W 



Transmit 
Interrupt 
Enable 
•Transmit Data 
Register Empty 
Data Carrier Detect 
I — Receive Interrupt Enable 
— Framing Error 



CTg^Pin 


TDRE 


L 


1 


H 






RDRF 


OVRN 


PE 


FE 


RIE 


CTS1E 


TDRE 


TIE 




















1 





R 


R 


R 


R 


R/W 


R/W 


R 


R/W 



Transmit 
Intenrupt 
Enable 
-Transmit Data 
Re gister Empty 
CTS1 Enable 
^ Receive Intemipt Enable 
^Framing Emwr 
l~ Parity Emor 
Over Run Error 
I- Receive Data Register Full 
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Register 



Mnemonic 



ASCI Transmit Data Register Channel 


(TDRO) 

ASCI Transmit Data Register Channel 



(TDR1) 



ASCI Receive Data Register Channel 


(TSRO) 

ASCI Receive Data Register Channel 
1 



CSI/0 Control Register 



(TSR1) 



(CNTR) 



CSI/0 Transmit/Receive Data 
Register 

(TRDR) 

Timer Data Register Channel OL 

(TMDROL) 

Timer Data Register Channel OH 

(TMDROH) 

Timer Reload Register Channel OL 

(RLDROL) 

Timer Reload Register Channel OH 

(RLDROH) 



Timer Control Register 



(TCR) 



6 



9 



A 



C 



D 



F 



bit 

During reset 
R/W 



EF 


EE 


RE 


TE 




SS2 


SSI 


SSO 














1 


1 


1 


1 


R 


RAA/ 


R/W 


RAA/ 




R/VJ 


R/W 


R/W 



L 



Speed Select 



Transmit Enable 
I- Receive Enable 
L- End Intenupt Enable 
-End Flag 



SS2,1,0 


Baud Rate 


SS2,1.0 


Baud Rate 


000 


</)^ 20 


100 


(f>^ 320 


001 


^ 40 


101 


- 640 


010 


- 80 


1 1 


-5-1280 


01 1 


- 160 


1 1 1 


External 



bit 

Dunng reset 
R/W 



TIF1 


TIFO 


TIE1 


TIEO 


T0C1 


TOCO 


TDE1 


TDEO 


























R 


R 


R/W 


R/W 


R/W 


RAA/ 


RAA/ 


RAA/ 



•--Timer Down 
Count Enable 1,0 
^ Timer Output Control 1,0 
^ Timer Interrupt Enable 1 ,0 
Timer Intemjpt Flag 1,0 



TOC1,0 


TOUTl 


00 


1 


01 


Toggle 


10 





1 1 


1 
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Register 



Mnemonic 



Address 



Remarks 



Timer Data Register Channel 1L 

(TMDR1U 

Timer Data Register Channel 1H 

(TMDRIH) 

Timer Reload Register Channel ^l 

(RLDRIU 

Timer Reload Register Channel 1H 

(RLDR1H) 

Free Running Counter 

(FRO 

DMA Source Address Register 
Channel OL 

(SAROU 

DMA Source Address Register 
Channel OH 

(SAROH) 

DMA Source Address Register 
Channel OB 

(SAROB) 



DMA Destination Address Register 
Channel OL 

(DAROL) 

DMA Destination Address Register 
Channel OH 

(DAROH) 

DMA Destination Address Register 
Channel OB 

(DAROB) 



DMA Byte Count Register Channel 
OL 

(BCROU 

DMA Byte Count Register Channel 
OH 

(BCROH) 

DMA Memory Address Register 
Channel 1L 

(MAR1L) 

DMA Memory Address Register 
Channel 1H 

(MAR1H) 

DMA Memory Address Register 
Channel IB 

(MAR1B) 

DMA I/O Address Register Channel 
1L 

(IAR1L) 

DMA I/O Address Register Channel 
1H 

(IAR1H) 



1 4 

1 5 

1 6 

1 7 

1 8 

2 

2 1 

2 2 

2 3 

2 4 

2 5 

2 6 

2 7 

2 8 

2 9 

2 A 

2 B 

2 C 



Read only 



Bits 0-3 are used for SAROB 




Al9 , Al8, Al7, Al6 


DMA Transfer Request 


X X 


DREQo (external) 


X X 1 


RDRO (ASCIO) 


X X 1 


RDR1 (ASCII) 


XXII 


Not Used 



Bits 0-3 are used for DAROB. 



Al9. 


Aia 


Al7. 


A,6 


DMA Transfer Request 


X 


X 








DREQo (external) 


X 


X 





1 


TDRO (ASCIO) 


X 


X 


1 





TDR1 (ASCII) 


X 


X 


1 


1 


Not Used 



Bits 0-3 are used for MARIS. 
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Register 



Mnemonic 



DMA Byte Count Register Channel 
1L 

(BCR1L) 

DMA Byte Count Register Channel 
1H 

(BCR1H) 



DMA Status Register 



(DSTAT) 



DMA Mode Register 



(DMODE) 



Address 
2 E 



2 F 



3 



Remarks 



bit 

Dunng reset 
R/W 



DEI 


DEO 


DWE1 


DWEO 


DIE1 


DIEO 




DME 








1 


1 








1 





R/W 


R/W 


W 


W 


RAA/ 


RAW 

/ 




R 



tD^ 



DMA 
Master 
Enable 

LdMA Intenupt Enable 1 ,0 
•—DMA Enable Bit Write Enable 1,0 
-DMA Enable ch 1,0 



bit 

During reset 
R/W 







DM1 


DM0 


SMI 


SMO 


MMOD 




1 


1 

















1 






R/W 


RA/V 


R/W 


RAW 


RAW 





- Memory 
Mode 
Select 
- Ch Source 
Mode 1,0 



- Ch Destination 
Mode 1 , 



DM1, 


Destination 


Address 


SMI, 


Source 


Address 





M 


DARO+ 1 





M 


SARO+ 1 


1 


M 


DARO- 1 


1 


M 


SARO- 1 


1 


M 


DARO fixed 


1 


M 


SARO fixed 


1 1 


I/O 


DARO fixed 


1 1 


I/O 


SARO fixed 


MMOD 


Mode 











Cycle Steal Mode 
Burst Mode 
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Mnemonic 



Address 



Remarks 



DMA/Wait Control Resiter 



3 2 



(DCNTU 



bit 

During reset 
R/W 



MWIt 



R/W 



MWK) IWI1 IWK) 0MS1 DMSO DM} DIMO 



1 



R/W R/W 



1 



R/W R/W 



LOMA Ch 1 
i/OMemoiy 

Mode Select 

SHEQT Select i= 1,0 
L-l/OWaH Insertion 
' — Mennory Wait Insertion 



R/W R/W RAA^ 



MWI1.0 


Number of 
wait states 


IWI1.0 


Number of 
wait states 


00 





00 


1 


01 


1 


01 


2 


1 


2 


10 


3 


1 1 


3 


1 1 


4 



OMSi 


Sense 


1 


Edge sense 





Level sense 



OIMI.O 


Transfer Mode 


Address Increment/Decrement 


00 


M—l/0 


MAR1 + 1 IAR1 fixed 


01 


M— I/O 


MAR1 ~ 1 IAR1 fixed 


10 


I/O— M 


IAR1 fixed MARI + I 


1 1 


l/O—M 


IAR1 fixed MAR1-1 



Interrupt Vector Low Register 



3 3 



(lU 



INT/TRAP Control Register 



(ITC) 



3 4 



Refresh Control Register 



3 6 



(RCR) 



bit 

During reset 
R/W 



bit 

During reset 
R/W 



bH 

During reset 
R/W 



IL7 


IL6 


L5 




































R/W 


R/W 


R/W 












^-Interrupt Vector Low 


TRAP 


UFO 








ITE2 


ITE1 


ITEO 








1 


1 


1 








1 


R/W 


R 








R/W 


R/W 


R/W 



LiRT Enable 2.1,0 



L-TRAP 



I- Undefined Fetch Object 



REFE 


REFW 










CYC1 


CYCO 


1 


1 


1 


1 


1 


1 








R/W 


R/W 










R/W 


R/W 



M)ef resh Wait State 
-Refresh Enable 



(Cycle Select 



CYC1.0 


Interval of Refresh Cyde 


00 


10 States 


01 


20 


10 


40 


1 1 


80 



(continued) 
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HD641180X, HD643180X, HD647180X 



Register Mnemonic 


Address 


Remarks 


MMU Common Base Register 

(CBR) 

MMU Bank Base Register 

(BBR) 

MMU Common/Bank Area Register 
(CBAR) 

Operation Mode Control Register 

(OMCR) 

I/O Control Register 

(ICR) 

Timer 2 Free-Running Counter L 

{T2FRCL) 

Timer 2 Free-Running Counter H 

{T2FRCH) 

Timer 2 Output Compare Register 1 L 
(T20CR1L) 

Timer 2 Output Compare Register 1 H 
(T20CR1H) 


3 8 

3 9 
3 A 

3 E 

3 F 

4 
4 1 
4 2 
4 3 


bit 

Dunng reset 
RAW 


CB7 


CB6 


CB5 


CB4 


CB3 


CB2 


CBl 


CBO 




























RA/V 


RAW 


RAW 


RAW 


R/W 


RAW 


RAW 


RAW 




1 ' 

»- MMU Common Base Register 




bit 

During reset 
R/W 


BB7 


BB6 


BB5 


BB4 


BB3 


BB2 


BB1 


BBO 




























RAW 


RAW 


RAW 


RAW 


R/W 


R/W 


R/W 


RAW 




I MMU Bank Base Registe 


r 


bit 

Dunng reset 
RAA/ 

bit 

Dunng reset 

R/W 


CA3 


CA2 


CA1 


CAO 


BA3 


BA2 


BA1 


BAG 




1 


1 


1 


1 














RAA/ 


RAW 


RAW 


RAW 


R/W 


RAW 


RAW 


RAW 




MMU Common 

Area Register 


- MMU Bank 
Area Register 


LIRE 


LIRTE 


ioc 














1 


1 


1 


1 


1 


1 


1 


1 


R/W 


W 


R/W 
















^ I/O Compatibility 
' — LIR Temporary Enable 
' — LiR Enable 


bit 

Dunng reset 
R/W 


I0A7 




lOSTP 















1 





1 


1 


1 


1 


1 


R/W 




RAW 
















L/0 Stop 
I/O Address 




bit 


T2FRCL7 


T2FRCL6 


T2FRCL5 


T2FRCL4 


T2FRCL3 


T2FRCL2 


T2FRCL1 


T2FRCL0 




Dunng reset 


























R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






bit 


T2FRCH7 


T2FRCH6 


T2FRCH5 


T2FRCH4 


T2FRCH3 


T2FRCH2 


T2FRCH1 


T2FRCH0 




Dunng reset 


























R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






bit 


T20CR1L7 


T20CR1L6 


T20CR1L5 


T20CR1L4 


T20CR1L3 


T20CR1L2 


T20CR1L1 


T20CR1LO 




Dunng reset 


1 


1 


1 


1 


1 


1 


1 


1 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






bit 


T20CR1H7 


T20CR1H6 


T20CR1H5 


T20CR1H4 


T20CR1H3 


T20CR1H2 


T20CR1H1 


T20CR1HO 




Dunng reset 


1 


1 


1 


1 


1 


1 


1 


1 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 
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Register 


Mnemonic 


Address 


Remarks 


Timer 2 Output Compare Register 2L 
a20CR2L) 

Timer 2 Output Compare Register 2H 
(T20CR2H) 

Timer 2 Input Capture Register L 

(T2ICRU 

Timer 2 Input Capture Register H 

(T2ICRH) 

Timer 2 Control/status Register 1 

(T2CSR1) 

Timer 2 Control/status Register 2 

(T2CSR2) 

Comparator Control/status Register 
(CCSR) 

RAM Control Register 

(RMCR) 


4 4 

4 5 
4 6 
4 7 
4 8 

4 9 

5 

5 1 






bit 

During reset 
R/W 


T20CR2L7 


T20CR2L6 


T20CR2L5 


T20CR2L4 


T20CR2L3 


T20CR2L2 


T20CR2L1 


T2OCR2L0 


1 


1 


1 


1 


1 


1 


1 


1 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






bit 

During reset 
R/W 


T20CR2H7 


T20CR2H6 


T20CR2H5 


T20CR2H4 


T20CR2H3 


T2CX:R2H2 


T20CR2H1 


T2OCR2H0 


1 


1 


1 


1 


1 


1 


1 


1 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






bit 

Dunng reset 
R/W 

bit 

During reset 
R/W 


T2ICRL7 


T2ICRL6 


T2ICRL5 


T2ICRL4 


T2ICRL3 


T2ICRL2 


T2ICRL1 


T2ICRL0 


























R 


R 


R 


R 


R 


R 


R 


R 




T2ICRH7 


T2ICRH6 


T2ICRH5 


T2ICRH4 


T2ICRH3 


T21CRH2 


T2ICRH1 


T2ICRH0 


























R 


R 


R 


R 


R 


R 


R 


R 






bit 

Dunng reset 
R/W 


ICF 


0CF1 


TOF 


EICI 


E0CI1 


ETOI 


lEDG 


0LVL1 


























R 


R 


R 


R/W 


R/W 


R/W 


R/W 


R/W 






bit 

Dunng reset 
R/W 


ICF 


0CF1 


0CF2 




E0CI2 


0LVL2 















1 














R 


R 


R 




R/W 


R/W 


R/W 


R/W 








bit 

Dunng reset 
R/W 


RBIT 




AIN2 


AINl 


AINO 


REF2 


REFl 


REFO 


Note 


1 


1 





1 


1 








R 




R/W 


R/W 


R/W 


RAA/ 


R/W 


R/W 




Note: Undefined until the first comparison result is stored 


bit 

Dunng reset 
R/W 


RMCR7 


RMCR6 


RMCR5 


RMCR4 






















1 


1 


1 


1 


R/W 


R/W 


R/W 


R/W 
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HD641180X, HD643180X, HD647180X 



Register Mnemonic 



Port A Disable Register 



Port A Input Data Register 



(DERA) 



(IDRA) 



Port A Output Data Register 



Port B Input Data Register 



(ODRA) 



(IDRB) 



Port B Output Data Register 



Port C Input Data Register 



(ODRB) 



ODRC) 



Port C Output Data Register 



Port D Input Data Register 



(ODRC) 



(IDRD) 



Port D Output Data Register 



Port E Input Data Register 



(ODRD) 



(IDRE) 



Port E Output Data Register 



Port F Input Data Register 



(ODRE) 



(IDRF) 



Port F Output Data Register 



(ODRF) 



5 3 



6 



6 



6 1 



6 2 



6 2 



6 3 



6 3 



6 4 



6 4 



6 5 



bit 


TEND IE 


DREQ1E 


CKSE 


RXSE 


TXSE 


CKA1E 


RXA1E 


TXA1E 


Dunng reset 


























R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 



bit 

Dunng reset 
R/W 



bit 


0DRA7 


0DRA6 1 0DRA5 


0DRA4 1 0DRA3 


0DRA2 


0DRA1 


ODRAO 


Dunng reset 


(Note 2) 


R/W 


R/W 


R/W 1 R/W 


R/W 1 R/W 


R/W 


R/W 


R/W 



bit 


IDRB7 


IDRB6 


IDRB5 


IDRB4 1 IDRB3 


IDRB2 


IDRBl 


IDRBO 


Dunng reset 


(Note 1) 


R/W 


R 


R 


R 


R 1 R 


R 


R 


R 



bit 


0DRB7 


0DRB6 


0DRB5 


0DRB4 1 0DRB3 


0DRB2 


0DRB1 


ODRBO 


Dunng reset 


(Note 2) 


R/W 


R/W 


R/W 


R/W 


R/W 1 R/W 


R/W 


R/W 


R/W 



bit 


1DRC7 


IDRC6 


IDRC5 


IDRC4 1 IDRC3 


IDRC2 


IDRCl 


IDRCO 


Dunng reset 


(Note 1) 


R/W 


R 


R 


R 


R 1 R 


R 


R 


R 



bit 

Dunng reset 
R/W 



bit 

Dunng reset 
R/W 



IDRA4 IDRA3 



(Note 1) 



bit 


0DRC7 


0DRC6 


0DRC5 


0DRC4 1 0DRC3 


0DRC2 


ODRCl 


ODRCO 


Dunng reset 


(Note 2) 


R/W 


R/W 


R/W 


R/W 


R/W 1 R/W 


R/W 


R/W 


R/W 



bit 


IDRD7 


IDRD6 


IDRD5 


IDRD4 1 IDRD3 


IDRD2 


IDRD1 


IDRDO 


Dunng reset 


(Note 1) 


R/W 


R 


R 


R 


R 1 R 


R 


R 


R 



bit 


0DRD7 


0DRD6 


0DRD5 


0DRD4 1 0DRD3 


0DRD2 


0DRD1 


ODRDO 


Dunng reset 


(Note 2) 


R/W 


W 


W 


W 


w 1 W 


W 


W 


W 



bit 


IDRE7 


IDRE6 


IDRE5 


1DRE4 


IDRE3 


IDRE2 


IDRE1 


IDREO 


Dunng reset 


(Note 1) 


R/W 


R 


R 


R 


R 


R 


R 


R 


R 



0DRE7 


0DRE6 


0DRE5 


0DRE4 1 0DRE3 


0DRE2 


0DRE1 


ODREO 


(Note 2) 


R/W 


R/W 


R/W 


RAA/ 1 W 


W 


W 


W 



bit 


IDRF7 


IDRF6 j IDRF5 


IDRF4 1 IDRF3 


IDRF2 1 IDRF1 


IDRFO 


Dunng reset 


(Note 1) 


R/W 


R 


R 1 R 


R 1 R 


R J R 


R 



0DRF7 


0DRF6 


0DRF5 


0DRF4 1 0DRF3 


0DRF2 


ODRFl 


ODRFO 


(Note 2) 


R/W 


R/W 


R/W 


R/W 1 R/W 


R/W 


R/W 


R/W 



Note 1 . Fetches temninal status 

2. Undefined until data is wntten 
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Register 


Mnemonic 


Address 


Remarks 


Port G Input Data Register 

(IDRG) 

Port A Data Direction Register 

(DDRA) 

Port B Data Direction Register 

(DDRB) 

Port C Data Direction Register 

(DDRC) 

Port D Data Direction Register 

(DDRD) 

Port E Data Direction Register 

(DDRE) 

Port F Data Direction Register 

(DDRF) 


6 6 

7 
7 1 
7 2 
7 3 
7 4 
7 5 


bit 

Dunng reset 
R/W 






IDRG5 1 IDRG4 | IDRG3 | IDRG2 | IDRG1 | IDRGO 




1 


1 


(Note 1) 






R 1 R 1 R 1 R 1 R 1 R 




Note 1 Fetches terminal status 




bit 

Dunng reset 
R/W 


DDRA7 


DDRA6 


DDRA5 


DDRA4 


DDRA3 


DDRA2 


DDRA1 


DDRAO 




























W 


W 


W 


W 


W 


W 


W 


W 










bit 

Dunng reset 
R/W 


DDRB7 


DDRB6 


DDRB5 


DDRB4 


DDRB3 


DDRB2 


DDRB1 


DDRBO 




























W 


W 


W 


W 


W 


W 


W 


W 








bit 

Dunng reset 
R/W 


DDRC7 


DDRC6 


DDRC5 


DDRC4 


DDRC3 


DDRC2 


DDRC1 


DDRCO 




























W 


W 


W 


W 


W 


W 


W 


W 








bit 

Dunng reset 
R/W 


DDRD7 


DDRD6 


DDRD5 


DDRD4 


DDRD3 


DDRD2 


DDRD1 


DDRDO 




























W 


W 


W 


W 


W 


W 


W 


W 








bit 

Dunng reset 
R/W 


DDRE7 


DDRE6 


DDRE5 


DDRE4 


DDRE3 


DDRE2 


DDRE1 


DDREO 




























W 


W 


W 


W 


W 


W 


W 


W 








bit 

Dunng reset 
R/W 


DDRF7 


DDRF6 


DDRF5 


DDRF4 


DDRF3 


DDRF2 


DDRF1 


DDRFO 




























w 


W 


W 


W 


W 


W 


W J 


w 
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HD648180W 

MCU (Micro Controller Unit) 

■ DESCRIPTION 

The HD648180W is an 8-bit CMOS microcontroller in the 
HD64180 family. Its instruction set is upward-compatible 
with the HD64180Z, hence with the Z-80. Twelve instruc- 
tions (seven types) have been added, bringing the total num- 
ber of instructions to 165. 

Compared with the HD64180Z, the HD648180W also has 
more peripheral functions. In addition to a refresh controller 
and wait-state controller for memory access support, and a 
memory management unit (MMU) and DMA controller 
(DM AC) for processing large quantities of data, the 
HD64180W has on-chip RAM, EEPROM, and an A/D con- 
verter. Timer and I/O-port functions have also been en- 
hanced. 

Figure 1 shows the HD64180 family. Table 1 lists the fea- 
tures of the HD64180W. 



EPROM 
Mask ROM 



"P648180W I EEPROM 



I HD641180X f 

ROMIessof 
HD647180X 



I HP64180Z 
CPU 

Instruction set compatible 
with the Z80 phis 



^ 1 HD64180S~ 




ORDERING INFORMATION 



Type No. 


Speed and Package 


HD648180W0CP4 
HD648180W0CP6 
HD648180W0F4 
HD648180W0F6 


4 MHz 84-pin PLCC 
6 MHz 84-pin PLCC 
4 MHz 80-pin QFP 
6 MHz 80-pin QFP 



Figure 1 HD64180 Family 
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Table 1 HD648180W Features 



Item 



Description 



CPU 



Instruction set upward-compatible with HD64180Z 
Maximum operating speed: 6.144 MHz 



MMU 



1 -Mbyte physical address space 



Memory 



256-byte EEPROM on-chip 
— Byte or page write 

1 -kbyte static RAM on-chip 

— Provides work area, stack area for interrupts, etc. 



Timers 

(4 channels) 



16-bit free-running timer (1 channel) on-chip 

— Input capture function for measuring input pulse width 

— Output compare function for generating waveforms 

16-bit reload timers (3 channels) on-chip 

— Toggle function for square-wave output with 50% duty cycle 



Serial communi- 
cation interface 
(2 channels) 



Asynchronous or clocked synchronous mode 

Simultaneous transmit and receive (full duplex communication) 

On-chip baud rate generator 



DMA controller 
(2 channels) 



Directly addresses 1 -Mbyte address space (without using MMU) 
Directly addresses 64-kbyte I/O address space 
Can transfer 64-kbyte data continuously 

Data transfer speed (memory-to-memory): six system clocks/byte 



A/D converter 
(8-bit resolution) 



Four analog input channels 
Absolute precision: 2.0 LSB 
Conversion time: 17 |xs (at 6 MHz) 



I/O ports 



30 input/output lines (including 10 with direct LED driving capability: 
Iql = 1 m A) 

4 input lines 

1 output line 



Wait-state 
controller 



Wait states can be inserted by external signal input or by software 



Refresh 
controller 



Outputs 8-bit refresh addresses 
Programmable refresh interval 
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Table 1 HD648180W Features (cont) 



Item 


Description 


Interrupts 


• Four external interrupt lines: NMI, INTq, INT-, , INT2 




• Ten on-chip interrupt sources 


Special CPU 


• Low-power modes (standby modes) 


modes 


• Sleep mode 




• Halt mode 




• Bus-release mode 


Other features 


• On-chip clock oscillator 




• Interfaces directly with Z-80 peripheral chips 
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I Block Diagram 

Figure 2 is a block diagram of the HD648180W. 



AotoAi5<;^ 



P2o(Ai6)- 
P2i(Ai7)- 

P22(Ai8)- 
P25(BUSREQ)-i 



Plo (TXO)- 
Pll (RXO)-. 
P^2 (SCKO)-. 
P13(TX1)- 
PI4 (RX1)-. 
PI5 (SCK1)^ 
Pl6(TOUTi )^ 
PVfTOUTs)- 

POo- 
PO,. 
PO2-. 
PO3- 
PO4. 
PO5- 
POg- 

P07. 



(nice 
A 



Bus state control 



CPU (64180) 



RAM 
(1 kbyte) 



EE PROM 
(256 bytes) 



SCI 
(2 channels) 



7S — 7S 



V 
Doto D7 



UJX 









Timing 


Interrupt 






generator, 








system control 



DMAC 
(2 channels) 



16-bit 
reload 
tmer (TM4) 



^ 16-bit 
reload 



y tmer(TM3) 



16-bit 
reload 



y tmer(TM2) 



16-bit 
free-running 
tmer (TM1) 



A/D converter 
(8- bit X 
4-channel 



>P3o (TENDq/ TOUT3) 
► P3, (DREQq ) 
►P32 (TENDi/ TOUT4 ) 
-P33(DREQi/riNi ) 



►P34(E0 
-P35(INTp) 
►P36 (STBY) 
►P37(W7/ADT) 



-AVcc 
-AVss 
-P4o (ANo) 
-P4i (ANi) 
-P42 (AN2) 
-P43 (AN3) 



Figure 2 HD648180W Block Diagram 
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■ Pin Descriptions 
• Pin Arrangement 

Figure 3 shows the pin arrangement of the HD648180W in the FP-80A package. Figure 4 shows 
the pin arrangement in the CP- 84 package. 



^ < -J 

C/) c/jt- < 

LU WX P 

tr > 111 X 



CO CM T- O iLrSlt^llf ^ 0>^ 

ZZZ2 H p h; K o>?g 

CJW CO CM ^ O^Q-r~ «5 ID "^^>s'^>j 

. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 



CO CM 

i-M-, ......... 

><Q-Q_Q.CL<>Q.CLQ. Q_ Z Ql Q- 



ST 


CZ 


HALT 




lOE 


d 


ME 


nz 


LIR 


CZ 


WR 


nz 


RD 


nz 


REF/P2 6 


CZ 


Ao 


CZ 


Ai 


CZ 


A2 


CZ 


A3 


CZ 


A4 


CZ 


As 


nz 


Ae 


CZ 


Ay 


CZ 


As 


CZ 


Ag 


CZ 


A 10 





n nn n nnnnn nnnnn n nn nnn 



60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 



80 pin 




2 3 4 

/ T- CM CO Tl- 

P'n < ^ ^ < 



5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

uuuuuuuuuuuuuuuu 



lO CO 00 CJ> C/) 



< ^ ^ ^ ^ > 

O T- CM CO 
CM CM CM CM 
0.0.0.0. 



^Ih- O o -r- CM CO '«t 

(/)!> 

ZD 

CD 



CVJCM 

O- o. 



Pi/rxi 
P14/RX1 
P15/SCK1 

PleTTOUTi 

PI7/ TOUT1 

P33/DREQin"INi 

P32 /TEND1 /TOUT4 

P3i/DREQp 

P3o/TENDo/rOUT3 

Vss 

PO7 

POe 
PO5 
PO4 
PO3 
PO2 
PO1 

POo 

D7 



Figure 3 Pin Arrangement (FP-80A) 
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ST [ 
H ALT I 
lOE [ 

M§ ^ 
UR [ 
WR I 

RD I 

REF/P26 I 
Ao t 
NC I 
Ai C 
A2I 
A3 I 
A4 [ 
As I 

Aet 
A7C 

As C 
A9 c 

A10C 



OC > LU X 



O CVJ t- 

2 2 Z 

co^ ^ ^ 
(O m oj T- 
_ > Ti- 
> < Q. Q. CL 



8: 



2 

< O 

> 

Q. 2 < > 



lT CD 



Ol rs. <o 10 -^H^ 



o oi? 

>< 9 

H CE CO 
Q. CL Q- 



nnnnnnnnnnnnnnnnnnnnn 

74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 



75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

V. 



o 



12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 



pyRXi 
P15/SCK1 

P%/TOUTi 

PI7/ TOUT2 

P33/ DREQ1 /TIN1 

P32/TEND1/TOUT4 

PSi/mTOo 

P3o/rENDo/TOUT3 

Vss 

NC 

PO7 

POe 
PO5 
PO4 

P(b 
PO2 
PO1 
POd 
D7 



uuuuuuuuuuuuuuuuuuuuu 



T- CVI CO 

< < < < 



10 to 00 o> 



< ^ ^ ^ <; 

<N CVJ CVi 
Q> CL Q. Q. 



CO o 
^2 



§ ^ 

D 

cn 

CM 



O »- C\J 

Q Q Q 



Q Q Q 



Do not connect anything to NC. 



Figure 4 Pin Arrangement (CP-84) 
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• Pin Functions 



Table! Pin Functions 



Type 



Pin Number 
Signal FP-80A PC-84 



I/O 



Name and Pin Function 



Power supply Vqc 
GND 



14,56 26,70 Input Power Supply: Connect all Vqq pins to 

system power supply (+5 V). 



Vss 1 0, 31 , 21 , 44 Input Ground: Connect all Vss pins to system 
59 73 power supply (0 V). 

XTAL XTAL 57 71 Input Connect to crystal oscillator with twice 

clock system clock {^) frequency. 

When inputting external clock at EXTAL, 
leave XTAL open. 

EXTAL 58 72 Input Connect to crystal oscillator or external 

clock. External clock frequency should 
be 2 times system clock. 



EXTAL 



XTAL 



~J1J1JL External clock 
input 



Open 



EXTAL 



XTAL 



□ 

CLp ^ 



Oscillator circuit examples 



61 75 Output System Clock: Supplies system clock to 

peripheral devices. 



Reset 



RESET 60 



74 Input Reset: Chip is reset when this pin is 

dropped low. 



Address bus Aq to A^g 1 to 9, 1 to 

70 to 80 20, 84 



Output Address Bus: For memory access. 
(Tri-state) These lines go to high impedance only in 
the following cases. 

a. During reset 

b. When bus control is g ranted to 
another device (when BUSACK 
drops low because of low input at 

BUSREQ). 
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Table 2 Pin Functions (cont) 







Pin Number 




Type 


Signal 


FP-80A PC-84 


I/O Name and Pin Function 


Data bus 


Do to D7 


15 to 
22 


27 to 
34 


Input/ Data Bus: 8-bit, bidirectional data bus 
Output 


Memory I/O 
interface 


RD 


68 


82 


Output Read: Indicates chip is in read cycle. 
(Tri-state) At this time, data bus is in input mode. 


signal 


WR 


67 


81 


Output Write: Indicates chip is in write cycle. 
(Tri-state) At this time, data bus is in output mode. 




ME 


65 


79 


Output Memory Enable: Indicates memory 
(Tri-state) read/write is being performed. Goes low 
in the following cases: 

a. Instruction fetch and operand read 

u. Uaia reau/wriie uy memory reierence 
instruction 

c. Memory access during DMA cycle 

d. Refresh cycle 




lOE 


64 


78 


Output I/O Enable: Indicates I/O read/write is 
(Tri-state) being performed. Goes low in the 



following cases: 

a. Data read/write by I/O instruction 
execution 

b. I/O access during DMA cycle 

c. INTq acknowledge cycle 



WAIT 13 25 Input Wait: Used to extend memory and I/O 

read/write cycles. If low at the falling 
clock edge in a T2 or Tw state, a Tw 
state is inserted next. 



System BUSREQ 11 23 

control 

signals 



Bus Request: Used by another device 
to issue a bus request. When this pin 
goes low, CPU terminates instruction 
execution and sets address bus, data 
bus , and some mem ory interface signals 
(RD, WR, ME, lOE) to high impedance. 
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Table 2 Pin Functions (cont) 

Pin Number 
Type Signal FP-80A PC-84 I/O 



System BUSACK 12 24 

control 

signals 



Name and Pin Function 

Output Bus Ackn owledge: Indicates receipt of 
BUSREQ signal by CPU and release of 
bus. Notifies device that output 
BUSREQ signal that bus is under its 
control. 



HALT 63 77 Output HALT: Goes low when CPU executes 

HALT or SLP instruction to indicate that 
CPU is in halt or sleep mode. Used 
together with ST and LIB signals 
(described below) to indicate operational 
status of internal DMA and CPU mode. 

LTR 66 80 Output Load Instruction Register: Indicates 

ongoing cycle is op code fetch cycle. 

ST 62 76 Output Status: Indicates operational status. Do 

not connect pull-down resistance to this 
pin. 



ST HALT LIR Operation Mode 






1 





CPU operation 
(1st op-code fetch 
cycle) 


1 


1 





CPU operation 
(2nd, 3rd op-code 
fetch cycle) 


1 


1 


1 


CPU operation 
(machine cycles 
other than op- 
code fetch cycles) 





Undefined 


1 


DMA 











Halt mode 


1 





1 


Sleep mode 
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Table 2 Pin Functions (cont) 

Pin Number 

Type 



Signal FP-80A PC-84 



I/O 



Name and Pin Function 



System REF 69 83 Output Refresh: Low level indicates CPU is in 

control DRAM refresh cycle. Refresh address is 

signals output on lower 8 bits of address bus 

(Aq through Ay). Refresh cycle interval 
can be programmed to 10, 20, 40, or 80 
states. 



Interrupt NMI 
signals 



44 57 Input Non-Maskable Interrupt: Non-maskable 

interrupt request pin. 



INTq 45 58 Input Interrupt 0: Maskable interrupt level 

request pin. Level has 3 modes. 



Mode Meaning 






Execute instruction on data 




bus 


1 


Execute instructions starting 




from address 0038H 


2 


Vectored 



INT^ 48 61 Input Interrupt 1, 2: Maskable interrupt Level 1 
INT2 46 59 Input and 2 request pins. Vectored. 

DMA signals DREQq 33 46 Input DMA Request for Channel 0: Asks 

internal DMAC to perform transfer on 
channel 0. Enables internal DMAC to 
synchronize with external I/O device. 
Internal DMAC channel supports the 
following transfers. 

a. Memory <^ Memory 

b. Memory <-> I/O 

c. Memory <-> Memory-mapped I/O 
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Table 2 Pin Functions (cont) 

Pin Number 

Type Signal FP-80A PC-84 I/O Name and Pin Function 

DMA signals TENDq 32 45 Output Transfer End for Channel 0: Internal 

DMAC channel transfer end signal. 
This signal goes low at write cycle of final 
data transfer. 

DREQi 35 48 Input DMA Request for Channel 1 : Asks 

internal DMAC to perform transfer on 
channel 1. Channel 1 supports 
Memory I/O transfers only. 

TENDi 34 47 Output Transfer End for Channel 1 : Internal 

DMAC channel 1 transfer end signal. 
This signal goes low at write cycle of final 
data transfer. 

Serial TXq 43 56 Output Transmit Data for SCI Channel 0: SCI 

communi- channel transmit data pin. 

cations ^2 55 input Receive Data for SCI Channel 0: SCI 

channel receive data pin. 

SCKq 41 54 Input/ Serial Clock for SCI Channel 0: SCI 

Output channel clock input/output pin. 

TXi 40 53 Output Transmit Data for SCI Channel 1 : SCI 

channel 1 transmit data pin. 

RXi 39 52 input Receive Data for SCI Channel 1 : SCI 

channel 1 receive data pin. 

SCKi 38 51 Input/ Serial Clock for SCI Channel 1 : SCI 

Output channel 1 clock input/output pin. 
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Table 2 Pin Functions (cont) 

Pin Number 

Type Signal FP-80A PC-84 I/O Name and Pin Function 

Timers TIN^ 35 48 Input Timer Input for Channel 1 : Input signal 

pin for timer 1 input capture. Signal 
transitions at this pin transfer free- 
running counter value to input capture 
register. 

TOUT1 37 50 Output Timer Output for Channel 1 : Timer 1 

waveform output pin. When output 
compare register and free-running 
counter match, value of OLVL bit of timer 
control/status register 1 is output from 
this pin. 

TOUT2 36 49 Output Timer Output for Channel 2: Timer 2 

waveform output pin. When timer 2 time 
constant register and timer 2 up-counter 
match, value selected by bit 2 and bit 3 
of timer control/status register 2 is output 
from this pin. 

TOUT3 32 45 Output Timer Output for Channel 3: Timer 3 

waveform output pin. When timer 3 time 
constant register and timer 3 up-counter 
match, value selected by bit 2 and bit 3 
of timer control/status register 2 is output 
from this pin. 

TOUT4 34 47 Output Timer Output for Channel 4: Timer 4 

waveform output pin. When timer 4 time 
constant register and timer 4 up-counter 
match, value selected by bit 2 and bit 3 
of timer control/status register 4 is output 
from this pin. 
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Table 2 Pin Functions (cent) 

Pin Number 



Type 


Signal 


FP-80A PC-84 


I/O 


Name and Pin Function 


A/D 

converter 


AVss 


55 


69 


Input 


Analog Ground: A/D converter power 
supply (ground) 




AVcc 


50 


63 


Input 


Analog Power Supply: A/D converter 
power supply (+5 V). Connect to system 
power supply (Vcc). 




ANo to AN3 


51 to 
54 


65 to 
68 


Input 


Analog Input: A/D converter input signal 
pins 




ADT 


48 


61 


Input 


A/D Trigger: External trigger input pin to 
start A/D converter 


LhrnUM 


Vpp 


49 


62 


uuipui 


Test pin. Do not connect. 


Parallel I/O 


POq to PO7 


23 to 
30 


35 to 
42 


Input/ 
Output 


Port 0: 8-bit parallel I/O port. Switched 
between input and output by data 
direction register (DDRO). 




P1oto PI7 


36 to 
43 


49 to 
56 


Input/ 
Output 


Port 1 : 8-bit parallel I/O port. Switched 
between input and output by data 
direction register 1 (DDR1). 




P2oto P26 


6 to 9 
11, 12, 
69 


17 to 
20 

23, 24, 
83 


Input/ 
Output 


Port 2: 7-bit parallel I/O port. Switched 
between input and output by data 
direction register 2 (DDR2). 




P3o to PSy 


32 to 
35 

45 to 
48 


45 to 
48 

58 to 
61 


Input/ 
Output 


Port 3: 8-bit parallel I/O port. Switched 
between input and output by data 
direction register 3 (DDR3). 




P4oto P43 


51 to 
54 


65 to 
68 


Input 


Port 4: 4-bit input-only port. 
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■ Basic CPU Architecture 

The HD648180W has an advanced, high-speed, eight-bit CPU. Its instruction set is 
upward-compatible with the HD64180Z. 



• Features 

The HD648180W CPU has the following features. 

• CPU architecture based on the Z-80 

• Expanded instruction set with instructions for: 

— Input from on-chip I/O 

— Output to on-chip I/O 

— Block transfer between memory and on-chip I/O 

— 8-bit X 8-bit multiplication 

— AND operations on on-chip I/O 

— AND operations on accumulator A 

— Transition to sleep mode 

• Eight addressing modes 

— Implied 

— Register direct 

— Register indirect 

— Indexed 

— Extended 

— Immediate 

— Relative 

— I/O 

• Maximum operating speed: 6. 144 MHz 

• Special CPU operating modes 

— Low-power modes (standby modes) 
Software standby mode 
Hardware standby mode 

— Sleep mode 

— Halt mode 

— Bus-release mode 
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• Address Space 

The HD648180W CPU has a 64-kbyte logical address space and 64-kbyte I/O address space. 

The 64-kbyte logical address space is mapped into a 1 -Mbyte physical address space by the memory 
management unit (MMU). For details, see Memory Management Unit (MMU). 

The 64-kbyte I/O address space is assigned to on-chip and off-chip I/O. For details, see On-Chip I/O 
Address Space Map. 



• Register Configuration 

The CPU includes two general register sets (GR and GR'), and a single special-purpose register 
set. Register sets GR and GR' each include an accumulator, a flag register, and six general- 
purpose registers. The special-purpose register set consists of an interrupt vector register, an R 

counter, two 16-bit index registers, a stack pointer, and a program counter. 



Register set GR 



Accumulator 
A 


Flag register 
F 


B register 


C register 


D register 


E register 


H register 


L register 



^ General-purpose 
register set 



Special-purpose registers 



Interrupt 




vector 


R counter 


register 
1 


R 


Index register IX 


Index register lY 


Stack pointer SP 


Program counter PC 



Register set GR' 



Accumulator 
A' 


Flag register 
F' 


B' register 


C register 


D' register 


E' register 


H' register 


L' register 



General-purpose 
register set 



Figure 5 CPU Register Configuration 
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• Register Descriptions 

The following table describes the function of each register. Unless otherwise specified, register 
content is undefined following a reset. 



Register Name Symbol Function 



Accumulators 


A, A' 


Accumulators are registers in which 8-bit arithmetic 
operations, logical operations, and shifts are performed. 
Accumulator A' is used in place of accumulator A following 
execution of the instruction EX AF, AF'. 


Flag registers 


F.F 


Flag registers store the status of operations. Flag register P 
is used in place of flag register F following execution of the 
instruction EX AF, AF'. 


General-purpose 
registers 


B, C 
D, E 
H,L 


The registers in register set GR can be used as 8-bit 
registers (B, C, D, E, H, L) or 16-bit registers (BC, DE, HL). 
They can be used to execute operations or store 
addresses. 




B', C 
D', E' 
HM' 


The registers in register set GR' supplement the GR 
registers. The two register sets can be swapped using the 
EXX instruction. 


Interrupt vector 
register 


1 


This 8-bit register stores the upper 8 bits of the 16-bit vector 
produced by an interrupt. Vectors are used for INTq mode 2, 
INTi, INT2, and internal interrupts (7 sources). 
A reset initializes this register to OOH. 


R counter 


R 


This 8-bit register counts the number of op-code fetch cycles 
performed. The content of this counter is unrelated to the 
refresh address, which is generated by another on-chip 
counter that cannot be accessed by the user. A reset 
initializes this register to OOH. 


Index registers 


IX, lY 


These 16-bit registers are used for indexed addressing and 
16-bit operations. In indexed addressing, the base address 
is stored in the index registers. A signed 8-bit displacement 
is added to the base address to generate the operand's 
effective address. In 16-bit operations that involve the index 
registers, a general-purpose register (except HL), the index 
registers, or the stack pointer can be used for the other 
operand. 


Stack pointer 


SP 


This 16-bit register stores the top address of the stack area. 
A reset initializes this register to OOH. 


Program counter 


PC 


This 16-bit register stores the logical address of the next 
instruction to be executed. This register is normally 
incremented by 1 each time a 1-byte instruction code is 
accessed, but execution of a jump instruction causes the 
address of the jump destination to replace the current content 
of the program counter. A reset initializes this register to 
OOOOH. 
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• Flag Register 

The flag register (F) contains individual flags that are set and reset to represent the status of the 
result of an 8-bit or 16-bit operation. This register is referenced by extended arithmetic 
instructions and conditional jump instructions. 



Flag register 
F 



7 


6 


5 


4 


3 


2 


1 





S 


Z 




H 




P/V 


N 


C 



Flag Name Symbol Function 



Sign 


S 


Bit 7 is set when an operation produces a negative result 
(MSB - 1) and reset by a positive result (MSB « 0). 


Zero 


z 


Bit 6 is set when an instruction execution produces a zero 
result, and reset by any other result. 


rialT-Carry 


u 
n 


Dii o IS Sol wrten on oparaiiuri losuiis iii a C/oirry or uurruw irum 

the 4th bit. The half-carry flag is reset when neither a carry nor 
borrow is generated. This flag is referenced for adjustment of 
decimal operations (DAA instruction). 


Parity/overflow 


PN 


Bit 2 can be used as either a parity or an overflow flag. 

The parity flag indicates the parity of the data stored in the 
accumulator following execution of a logical operation. An even 
number of 1s in the accumulator value sets the parity flag, while 
an odd number of 1s resets it. 

The overflow flag is set when the result of a signed arithmetic 
operation exceeds the range of +127 through -128 for an 8-blt 
operation, or the range of +32767 through -32768 for a 16-bit 
operation. Results within these ranges reset the overflow flag. 


Negate 


N 


Bit 1 is set by execution of a subtraction instruction (examples: 
SUB, DEC, CP) and reset by an addition instruction (examples: 
ADD, INC). 


Carry 


C 


Bit is set when an operation results in a carry or borrow from 



the most significant bit. Any other result resets this flag. The 
following lists the various types of carries and borrows. 

• Carry produced by an addition result 

• Borrow produced by a subtraction result 

• Carry produced by a shift or rotate 
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Addressing Modes 

The CPU instruction set has eight addressing modes. 

1 . Implied Addressing (IMP) 

This addressing mode is based on data included within op codes. It is used by instructions 
that manipulate bit positions specified by the accumulator (A), index registers (IX, lY), stack 
pointer (SP), HL general-purpose register, or op codes. 

2. Register Direct Addressing (REG) 

In this addressing mode, 8-bit and 16-bit registers are specified by op code fields g, g', ww, 
XX, yy, and zz. The following tables show the relationships between field codes and registers. 

8-Bit Register Specification 



g or g' Field 


Specified Register 


000 


B 


001 


C 


010 


D 


oil 


E 


100 


H 


101 


L 


110 




111 


A 



810 
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16-bit Register Specification 
vynv Field Specified Register 


XX Field 


Specified Register 


00 




00 


BC 


01 


DE 


01 


DE 


10 


HL 


10 


IX 


11 


BP 


11 


SP 


yy Field 


Specified Register 


zz Field 


Specified Register 


00 


BC 


00 


BC 


01 


DE 


01 


DE 


10 


lY 


10 


HL 


11 


SP 


11 


AF 



3. Register Indirect Addressing (REGI) 

In this addressing mode, general -purpose registers are used as 16-bit address registers for 
specification of operands in memory. 



BC 



DE 
HL 



Operand 



Memory 
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4. Indexed Addressing (INDX) 

In this addressing mode, effective addresses are generated by adding a displacement 
(d: signed 8-bit value) to the index registers (IX, lY). 



Op code 1 



Op code 2 



Displacement (d) 



IX or lY 



Sign extension 



Operand 



Memory 



5. Extended Addressing (EXT) 

With this addressing mode, 2 bytes (m, n) following the op code are used as a 16-bit address 
for direct specification of an operand in memory. 



Op code 


n 






► m 












^ m 


n ^ 





Operand 



Memory 
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6. Immediate Addressing (IMMED) 

With this addressing mode, 1 byte (m) or 2 bytes (m, n) following the op code are used as a 
direct operand. 



Op code 



m 



8-bit operand 



Op code 



m 



1 6-bit operand 



7. Relative Addressing (REL) 

This addressing mode can be used with branching instructions only. A displacement (j* 
signed 8-bit value) is added to the program counter (PC) to generate a branch address. In the 
case of a conditional branch, the branch is taken only when a condition is satisfied. 



Op code 



Displacement (j) 



Sign extension 



Program counter (PC) 
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8. I/O Addressing 

This addressing mode can be used with I/O instructions only. The specified address is an I/O 
address (lOE = 0). One of the following addresses is output by this addressing mode. 

• An address formed by the content of the operand, which is output to Aq through A7, and 
the content of accumulator A, which is output to Ag through A15. 

• An address formed by the content of register C, which is output to Ao through A7, and the 
content of register B, which is output to Ag through A15. 

• An address formed by the content of the operand, which is output to Ao through A7, and 
OOH, which is output to Ag through A15. This is convenient for accessing on-chip I/O 
registers. 

• An address formed by the content of register C, which is output to Ao through A7, and 
OOH, which is output to Ag through A15. This is convenient for accessing on-chip I/O 
registers. 
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Instruction Set Overview 

The CPU instruction set for this chip can be broken down as follows. 
Operation instructions 
Load instructions 
Program control instructions 
I/O instructions 
Special control instructions 
These instructions consist of 1 to 4 bytes. Typical examples are shown below. 



1 -byte instruction 



2-byte instruction 



3-byte instruction 



4-byte instruction 



7 


6 


5 


4 


3 


2 


1 








1 


g 


g' 


7 


6 


5 


4 


3 


2 


1 











g 


1 


1 





m 


7 


6 


5 


4 


3 


2 


1 





1 


1 





1 


1 


1 





1 





1 


g 


1 


1 





d 


7 


6 


5 


4 


3 


2 


1 





1 


1 





1 


1 


1 





1 








1 


1 





1 


1 





d 


m 



LD g, g' 



LDg, m 

Immediate data 



LDg, (IX +d) 
Displacement 

LD(IX + d), m 

Displacement 
Immediate data 



See Instruction Set Lists for further details. 
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Conditional Jump and Conditional Call Instruction Precautions 

The following illustrates operation when the conditional jump instruction JP f, mn is executed. 
Note the difference in operation when the condition tests true and when it tests false. 

Example 

When the instruction JP NZ, 60(X)H is at address 5000H (MMU sets base register to OOH). 







5000H 


JP NZ, (C2H) 


5001 H 


OOH 


5002H 


60H 


5003H 


SLP (EDH) 




76H 



6000H 
6001 H 



LD (32H) 



00 
70 



Ti T2 T3 Ti T2 T3 T, T2 T3 Ti T2 T3 Ti T2 

_jTJ~LriJiJxrLrLJiJ"LJi_riri_r^^ 



Condition 
tests true 



Address~ X" 5000H X 5001 H X 5002H X 6000H ) C 
Data — ^2H) (ooH) (soR) (32H) 



Condition 
tests false 



Address~) f 50OOH X 5001 H X 5003H X 5004H X " 
Data <C2H) (ooR) — (EDH) (tSH) 



Note that when the condition tests false, execution proceeds to the next instruction without 
reading the 2nd operand of JP f, mm. This is also true in the case of the conditional call: 
CALL f, mn. 
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■ Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Analog supply voltage 


AVcc 


-0.3 to +7.0 


V*1 


Input voltage (port 4) 


Vin1 


-0.3 to AVcc + 0.3 


V 


Analog input voltage 




-0.3 to AVcc + 0.3 


V 


Total current inflow 




80 


mA*2 


Total current outflow 


IHohI 


30 


mA*3 



Notes: 1 . AVcc must equal Vcc- 

2. Total current inflow is the total current sunk simultaneously from all input/output lines via 
output buffers to the HD6481 80W's Vss- 

3. Total current outflow is the total current sourced simultaneously from the HD648180W's 
Vcc via output buffers to all input/output pins. 
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■ Electrical Characteristics 



DC Characteristics (Vcc = 5 V ±10%, Vgs = V, = -20 to +75°C unless 
otherwise noted) 



item 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


input high voltage level 
for RESET. EXTAL, NMI. 
STBY 


V|H1 




Vcc - 0.6 




Vcc + 0-3 


V 


Input high voltage level 
for other pins 


V|H2 




2.0 


— 


Vcc + 0-3 


V 


Input low voltage level 
for RESET, EXTAL. NMI, 
STBY 


V|L1 




-0.3 




0.6 


V 


Input low voltage level 
for other pins 


V|L2 




-0.3 


— 


0.8 


V 


Output high voltage level 


VOH 


loH = -200 nA 


2.4 




"~ 


V 


for ail output pins 




loH = -20 


Vcc -1.2 








Output low voltage level 
for all output pins 


Vol 


loL = 2.2 mA 




— 


0.45 


V 


Input leakage current for 
all input pins except XTAL 
and EXTAL 


l|L 


Vin = 0.5toVcc-0.5 


— 


— 


1.0 


^A 


Tri-state leakage current 


Itl 


Vin = 0.5toVcc-0.5 






1.0 


mA 


Current consumption 


'cc 


f = 4 MHz 




15 


30 


mA 


(normal operation)Note 




f = 6 MHz 




20 


40 


mA 


Current consumption 
(standby mode)Note 


'CCSTBY 






10 


20 


HA 


Pin capacitance 


Cp 


= V. f = 1 MHz 
Ta = 25''C 






15 


pF 



Note: Signal le vels: 

RESET EXTAL, NMI: V,Hmin = Vcc - 0.6 V, V,Lmax = 0.6 V 
Other pins: Vinmin = Vcc - 1-0 V, V|Lmax = 0.8 V 
All output pins are unloaded. 
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• DC Characteristics (I/O ports) (Vcc=5V±10%, Vss=0 V, Ta=-20 to +75°C unless otherwise 
noted) 



item 




Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Input high 
voltaae 


Ports to 4 


V|HP 




2.0 




Vcc + 0-3 


V 


Input low 
voltage 


Ports to 4 


V,LP 




-0.3 


— 


0.8 


V 


Output high 


Ports to 3 


Vqhp 


IOH = -200 


2.4 






V 


voltage 






loH = -20 ^lA 


Vcc-1-2 








Output low 


Ports to 3 


VOLP 


Iql = 2.2 mA 






0.45 


V 


voltage 


Porto 




Iql = 1 ni A 






1.0 




Input leakage 
current 




|l|LPl 


Vjn = 0.5 to 
Vcc-0.5 






1.0 





• A/D Conversion Characteristics (AVcc=VcC5 Vss=0 V, Ta=-20 to +75°C unless otherwise 
noted) 



Item 


Symbol Test Conditions 


Min 


Typ 


Max 


Unit 


Analog input voltage 


AVin 




AVss 




AVcc 


V 


Analog input leakage current |IalI 








1.0 


^A 


Resolution 








8 




Bit 


Input hold time 
(conversion time) 




A/D conversion 

clock « (t)/3 = 2.048 MHz 

when (() = 6.144 MHz 


16.6 






^s 


Number of inputs 











4 


Channel 


Absolute precision 




Ta=:250C, Vcc -5.0 V 






2.0 


LSB 



Note: AVcc niust equal Vcc- 
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AC Characteristics (Vcc = 5 V ±10%, Vgs = V, T, = -20 to +75°C unless 
otherwise noted) 



HD648180W-4 HD648180W-6 



Item 


Symbol 


Test Conditions 


Min 


TVP 


Max 


MIn 


Typ 


Max 


Unit 


Clock cycle time 


tcyc 


Figure 6 


250 


— 


333 


162 


— 


333 


ns 


Clock high pulse 
duration 


k)HW 




110 






65 






ns 


Clock low pulse 
duration 


tcLW 




110 






65 






ns 


Clock fall time 










15 






15 


ns 


Clock rise time 


tcr 




_ 


_ 


15 


__ 


_ 


15 


ns 


External clock cycle 
time 


tCYC 


Figure 18 


125 




— — 


81 






ns 


External clock high 
pulse duration 


%XHW 




50 






32 






ns 


External clock low 
pulse duration 


t^XLW 




50 






32 






ns 


External clock rise time 


tEXr*^ 


Figure 18 


— 


— 


25 


— 


— 


25 


ns 


External clock fall time 


tEXf*^ 




— 


— 


25 


— 


— 


25 


ns 


Address delay time 


Ud 


Figure 6 






110 






90 


ns 


Address setup time 
(measured from ME 
or lOE falling edge) 


Us 




50 






30 






ns 


ME delay time 1 




Figure 6, 7, 






85 






60 


ns 


RD (when IOC = 1) 


^RDD1 


Figure 6 






85 






60 


ns 


\ (when IOC = 0) 
time 1 ^ ' 




Figure 8 






85 






65 


ns 


LIR delay time 1 


^LDI 


Figure 6 






100 






80*2 


ns 


Address hold time 
(measured from ME, lOE, 
RD, or WR rising edge) 


Uh 




80 






35 






ns 


ME delay time 2 


tMED2 


Figure 6, 7 






85 






60 


ns 


RD delay time 2 


^RDD2 


Figure 6 






85 






60 


ns 


LiR delay time 2 


^102 








100 






80*2 


ns 



Notes: 1 . If external clock pulse duration specifications (tEXHW» *EXLw) ^"^^ not satisfied, adjust 
tEXr and t^xf. 

2. tLDi (tLD2) = 60 ns when bus timing test load capacitance C = 40 pF. 
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AC Characteristics (Vcc = 5 V ±10%, Vss = V, = -20 to +75''C unless 
otherwise noted) (cont) 

HD648180W-4 HD648180W-6 



Item 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Unit 


Data read setup time 


bps 


Figure 6, 7 


50 






40 






ns 


Data read hold time 


bpH 







— 


— 





— 


— 


ns 


ST delay time 1 


^STD1 


Figure 6 


— 


— 


110 


— 


— 


90 


ns 


ST delay time 2 


tSTD2 


Figure 10 






110 






90 


ns 


WAIT setup time 




Figure 6 


80 






40 






ns 


WAIT hold time 


%H 




70 






40 






ns 


Write data floating 
delay time 


twDZ 


Figure 6 






100 






95 


ns 


WR delay time 1 


^WRD1 




— 




90 


— 


— 


65 


ns 


Write data delay time 


^WDD 








110 






90 


ns 


Write data setup time 
(measured from WR 
falling edge) 


^WDS 




60 


— 


— 


40 


— 


— 


ns 


WR delay time 2 


^WRD2 




— 


— 


90 


— 


— 


80 


ns 


WR pulse duration 


^WRP 




280 






170 






ns 


Write data hold time 
(measured from WR 
rising edge) 


%DH 




60 


— 


— 


40 


— 


— 


ns 


lOE (whenlOC=1) 


^I0D1 


Figure 6 






85 






60 


ns 


(when IOC = 0) 
time 1 ^ ' 




Figure 8 






85 






65 


ns 


lOE delay time 2 


t|OD2 


Figure 6 






85 






60 


ns 


lOE delay time 3 
(measured from LIR 
falling edge) 


^I0D3 


Figure 7 


540 






340 






ns 
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AC Characteristics (Vcc = 5 V ±10%, \ss = V, = -20 to +75^C unless 
otherwise noted) (cont) 



HD6481 80W-4 HD6481 80W-6 



Item 


Symbol Test Conditions MIn lyp 


Max 


Min TVp 


Max 


Unit 


INT setup time 

(measured from (|> failing edge) 


^INTS 


Figure 7 
rigurs 10 


80 


— 




40 


— 




ns 


iTTr hold time 

^measureo irom 9 Tailing eage; 


^INTH 




70 




— 


40 




— 


ns 


iNMi puise ouraiion 


tklMiW 
iMlVliVV 




120 






120 






ns 


Duoncvj setup Time 
(measured from ({> falling edge) 


toDC 


Figure 7 


80 






40 






ns 


BUSREQ hold time 
(measured from ^ falling edge) 






70 




— 


40 




— 


ns 


BUSACK delay time 1 










100 






95 


ns 


dUoAOK delay time 2 


^BAD2 




— 


— 


1 UU 


— 


— 


yo 


ns 


Bus floating delay time 


^BZD 






"""" 


130 






125 


ns 


ME pulse duration (high) 


^MEWH 




200 




— 


110 




— 


ns 


ME pulse duration (low) 


^MEWL 




210 




— 


125 




— 


ns 


Port data output 
ueiay iime 


tpWD 


Figure 13 






110 






90 


ns 


ron Gala inpul 
setup time 


tpHQ 
rUo 


Figure 13 


180 






150 






ns 


Port data input 
hold time 


^PDH 


Figure 13 


60 


— 


— 


40 


— 


— — . 


ns 


REF delay time 1 


^RFD1 


Figure 7 






110 






90 


ns 


REF delay time 2 


^RFD2 








110 






90 


ns 


HALT delay time 1 


^HADI 


Figure 7 






110 






90 


ns 


HALT delay time 2 


^HAD2 


Figure 12 






110 






90 


ns 


DREQi setup time 1 


^DRQS 


Figure 10 


80 






40 






ns 


DREQi hold time 1 


^RQH 




70 






40 






ns 


TEND! delay time 1 


^TED1 








85 






70 


ns 


TEND! delay time 2 


^TED2 








85 






70 


ns 



822 
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AC Characteristics (Vcc = 5 V ±10%, Vjs = V, = -20 to +75^C unless 
otherwise noted) (cont) 



HD648180W-4 HD648180W-6 



Item 


Symbol 


Test Conditions 


Min 


Typ 


Max 


Min Typ 


Max 


Unit 


Timer output delay time 


^TOD 


Figure 11 






300 






300 


ns 


SCI inDut dork cvnip 
(clocked synchronous 
mode) 


t« 

iscyc 


Finiirp 17 


40 






40 


— 




t 

^cyc 


o w 1 iioiioiiiii udioi yjtsiCLy 

time (clocked syn- 
chronous mode) 


^TXD 










— 


— 




lib 


SCI receive data setup 
time (clocked syn- 
chronous mode) 


^SRX 


Figure 17 


260 






260 




— 


ns 


SCI receive data hold 
lime ^Ciucrveu syn- 
chronous mode) 


^HRX 




100 


— 





100 


— 


— 


ns 


SCI input clock pulse 
duration 


tpWSCXH 
tpWSCXL 


Figure 14 


0.4*1 





0.6*1 


0.4*1 


— 


0.6*1 


Ucyc 


Timer 1 input clock 
pulse duration 


^PWTH 


Figure 15 


8 






8 


— 




^cyc 


RESET setup time 




Figure 15 


120 






120 


— 




ns 


RESET hold time 


*REH 




80 


— 




80 






ns 


niiOiii 1 rise iime 


^Rr 








ou ^ 




— 


DU ^ 


ms 


RESET fall time 


tRf 




— 




50*2 


— 


— 


50*2 


ms 


Input pin rise time 

/nthor than RPQPT\ 

joiner inan ntioci i ) 


t|r 


Figure 19 


— 


— 


100*2 






100*2 


ns 


Input pin fall time 
(other than RESET) 


t|f 








100*2 






100*2 


ns 


ADT input pulse 
duration 


^PWADH 
^PWADL 


Figure 15 


8 






8 






^cyc 


STBY input delay 
duration 


^STBYD 


Figure 6 
















ns 


Oscillation stabilization 


bsc 


Figure 9 






20 






20 


ms 



time 

Notes: 1 . Set so: (tpwscxH) + (tpwscxL) + Oir) + (tip) = tscYc. 

2. If these rise and fall times are satisfied, but other specifications are not satisfied, adjust 
these rise and fall times to satisfy the other specifications. 
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Op-code fetch cycle 



^1 T2 Tw T3 

fcHW fciw 



Address 



tAD 



WAIT 



ME 



lOE 



RD 



WR 



LIR 



ST 



Data in 



Data out 



tRES-H *- 



RESET 



twH-* 
tyysH *- 



tAS 



1 



i 



tMEDl 



1 



tRDD1 



tLD2-'- 



1 



tSTD1 



tORS 



I/O write cycle (I/O read cycle) 



tMED2 tAH 



/ 



tRDD2 



tAS 



tsTD2 



tORH 



^WDD,/ 



\ 



tWRD1 



1 



- tREH 



i 



lp^^_J U-tp,^ 

Note: Output buffer off point. 



tlOD2 tAH 



twRP 



tORS 



tWRD2 



tORH 
t'wDZ 



^RES-^ 



Op-Code Fetch Cycle and I/O Write Cycle 
(I/O Read Cycle) when IOC = 1 



tRr-l 



> 



tWDH 



Note 
tL r^REH 



l-tRf 



Figure 6 CPU Timing (1) 
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INTi 



t|NTS-^ 

Z3 



*-t|NTH 



tNMIW 



LIR' 



Data in*' 



ME 



REF' 



V 



/ 



h0D3 



^MEWH 



tMED1 



1 



^DRS 



/ 



IDRH 



>0<D 



tMED2 



iRFDI 



^MEWL 



7 



tRFD2 



BUSREQ 



tBRS-*i K- 



7 



*-tBRH 



1 



BUSACK 

Ackiress 
Data 
ME. RD 
WR. lOE 



HALT 



^BADI 



'BZD 



> 



^HADI 



tBAD2 

7 



^BZD 



5- 



STBY 

Notes: 1. For I NTq acknowledge cycle 

2. For refresh cycle 

3. CXjtput buffer off point 



tSTBYD 



I NTq Acknowledge Cycle, Refresh Cycle, Bus Release Mode, 
Halt Mode, sleep Mode, and System Stop Mode 



Figure 7 CPU Timing (2) 
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Figure 8 CPU Timing (3) 
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Figure 9 CPU Timing (4) 



DREQi 
(level input) 



DREQi 
(edge input) 



TENDi 



ST 



J)PU or DMA read/write cycle 



tORQS 



tORQS-H 



Ti T2 Tw T3 



(TENDj applicable in DMA write cycle only) 



"^toROH*'' 



.czz: 



tjEDl 



tSTDl 



*3 



1 



tTED2 



tSTD2 



*4 



r 



Notes: 1. Prescribed for clock rising edge immediately before T3 

2. Prescribed for each clock rising edge 

3. Ti of DMA cycle start 

4. Ti of CPU cycle start 



Figure 10 DMA Control Signals 
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wrA/~w~\ 



Timer data 
register = OOCX)H 



I TOD 



Figure 11 Timer Output 



INT 



NMI 



Address 

ME. Or, 
RD 

HALT 



sLf' msiruciion leicn 

f\j\j 


tiNTS — • 


L 

1 

NMIW 
1 


Ts 
" — tiNTH 


iNexr op-coae reicn 




\ 


f 








/ 






^ : 


X 


/ / 


St 





Figure 12 SLP Execution Cycle 
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1 Q 11 1 9 Tl 

/ \ / \ / \ / 

^PWD 




Port 
output 




1 ^PDSU . 









Figure 13 Port I/O Timing 



SCKO, 
SCK1 



scyc 



PWSCXH 



r 



\ 



I 



I 



/ 



PWSCXL 



Figure 14 SCI Clock Input Timing 




Figure 15 Timer 1 Input Pulse Duration 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 829 



HD648180W 



ADT 



PWADH 



PWADL 



Figure 16 ADT Input Pulse Duration 



Transmit 
data 



Receive 
data 



^scyc 



— t 



TXD 



'SRX 



if I 



X 



^HRX 



:^ — c 



> 



Figure 17 SCI Clocked Synchronous Timing (direct phase) 




Figure 18 Rise and Fall Times for External Clock Input Signal 
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Figure 19 Rise and Fall Times for Input Signals (except EXTAL AND RESET) 



Test point o- 



Vcc 

O 



7fr TtT 



^ ±4p ![ 182074® 
y. or equivalent 



C = 90 pf 
R = 12ka 
Rl- 1.6k^2 



Figure 20 Bus Timing Test Load (TTL load) 




2.0 V 2.0 V 
0.8 V 0.8 V 





2.4 V 2.4 V 
0.8 V 0.8 V 




Input signal reference levels 



Output signal reference levels 



Figure 21 Reference Levels 
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■ Instruction Set Lists 

The following explains the symbols used throughout the instruction set lists contained in this 
appendix. 

1 . Register Specification 

The register specification symbols are: g, g', ww, xx, yy, and zz. The symbols g and g' 
represent 8-bit registers, while ww, xx, yy, and zz represent 16-bit registers, as shown below. 





Reg. 


WW 


Reg. 


XX 


Reg. 


yy 


Reg. 


zz 


Reg. 


000 


B 


00 


BC 


00 


BC 


00 


BC 


00 


BC 


001 


C 


01 


DE 


1 


DE 


01 


DE 


1 


DE 


1 


D 


1 


HL 


1 


IX 


1 


lY 


1 


HL 


1 1 


E 


1 1 


SP 


1 1 


SP 


1 1 


SP 


1 1 


AF 


1 00 


H 


















1 01 


L 


















1 1 1 


A 



















Note: The letters "H" (high) and "L" (low) are appended to the 1 6-bit register symbols to indicate 
the upper 8 bits and lower 8 bits. For example: wwH, IXL. 

2. Bit Specification 

The symbol b in the bit operand of a bit manipulation instruction, specifies the bit location as 
shown below. 



b 


Bit 


000 





001 


1 


1 


2 


1 1 


3 


1 00 


4 


1 1 


5 


1 1 


6 


1 1 1 


7 
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3. Condition Specification 

The symbol f specifies the condition against which the result of an operation is compared to 
determine the next instruction to be executed, as shown below. 

f Condition 



r\ r\ r\ 





non zsro 


00 1 


Z 


zero 


1 


NC 


non carry 


1 1 


C 


carry 


1 00 


PO 


parity odd 


1 1 


PE 


parity even 


1 1 


P 


sign plus 


1 1 1 


M 


sign minus 



4. Restart Address 



The symbol v specifies the restart address for a restart instruction, as shown below. 



V 


Address 


000 


OOH 


1 


08H 


1 


10H 


1 1 


18H 


1 


20H 


1 1 


28H 


1 1 


30H 


1 1 1 


38H 



5. Flags 

The following symbols are used to denote changes in flags. 

-: Flag not affected 

x: Flag change undefined 

t: Rag affected according to operation result 

S: Flag set to 1 

R: Flag reset to 

P: Flag changes as a parity flag 

V: Rag changes as an overflow flag 
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6. Other Symbols 

( )jvi: Parentheses contain memory address 

( )i: Parentheses contain I/O address 

morn: 8-bit value 

mn: 16-bit value 

r: r suffix indicates 8-bit register 

R: R suffix indicates 16-bit register 

b • ( )m- b-th bit of memory address in parentheses 

b • gr: b-th bit of general register gr 

dorj: Signed 8-bit displacement 

S: Source addressing mode 

D: Destination addressing mode 

•: AND operation 

+: OR operation 

0: XOR operation 
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• Data Manipulation Instructions 
1 . Arithmetic and Logical Instructions (8-bit) 









Addressing 








Flag 


Operation 
Name 






o 






o 

1 f 1 

tr 


REGI 1 












7 


6 


4 2 


1 





Mnemonics 


Opcode 




LU 


o 
S 


CL 


_j 
1 1 1 
tr 


Bytes 


States 


Operation 


S 


Z 


H PA/ 


N 


C 


ADD 


ADD A, g 


lOOOOg 








S 




D 




1 


4 


Ar + gr — > Ar 


I 


I 


i V 


n 
n 


t 

4- 




Ann A /ui \ 

AUU A, (ML} 


1U UUU 11U 










S 


D 




1 


g 




X 

I 


X 

I 


I V 




•t 
1 




Ann A t¥t 
AUU A, m 


11 AAA 41 A 

n 000 no 
<m> 


S 










D 




c. 


c 
D 


A» I m V A» 

Ml T III — r Ml 














Ann A /IV . A\ 
AUU A, (Ia+ d) 


44 A4 4 4A4 

n Oil lOl 

10 000110 

<d> 






S 






D 







1 A 


Mr + ^lA + u;|^ — > Ml 


t 


t 


: V 


R 


: 




Ann A /IV . A\ 
ADD A, (It + 0) 


11 111 101 
10 000110 
<d> 






S 






D 




ti 



14 


Ar J. /IV J. H\.. —A Ar 
Ml + ^IT T uyiyl — T Mi 


t 




t V 


R 


: 


ADC 


ADCA.g 


10 001 g 








S 




D 




1 


4 


Ar + gr + c — » Ar 


•t 
I 


•t 


1 V 


Q 

n 


1- 




AUO A, ^nL; 


4 A AA1 1in 

10 001 110 










S 


D 




1 


e 



Af 4. fl-ll 4. r — * Ar 

Ml T ^nL/li^ T w Ml 


•t 




i V 




t 




AnP A m 

AUU A, m 


11 AA1 iin 

n 001 no 

<m> 


S 










D 





c 


e 

D 


Ar X fn X /* 1 Ar 

Ml T III T U Ml 


: 


: 


t V 


R 


: 




An^ A /iV 1 A\ 

ADC A, (lA + d) 


11 mi iAi 

11 on 101 
10 001 110 
<d> 






s 






D 







1 A 

14 


Ar X My X fi\t, X r -A Ar 

Ml T \\A T U/U T V Ml 


: 


t 


t V 


R 


X 




A no A /IV . si\ 

ADC A, (It + d) 


11 111 101 
10 001 110 
<d> 






s 






D 







1 A 
14 


Ar X nV X H\.. X r —a Ar 
Ml T \IT T U/|g| T C — ♦ Ml 


t 


t 


: V 


R 


t 


AND 


ANDg 


lOlOOg 








S 




D 




1 


4 


Ar*gr Ar 


I 


X 

I 


b r 


H 


H 




AKin /UI \ 

ANU (HL) 


1 A inA 1 1 A 

10 100 no 










s" 


D 




i 

1 


D 


A»./U| \,, V A, 


t 


t 


S P 


R 


R 




AND m 


11 100 110 
<m> 


s 










D 




2 


6 


Ar^m — > Ar 


t 


: 


S P 


R 


R 




MliU \IA T □/ 


11 flu Ifll 

1 1 w 1 1 lU 1 

10100110 
<d> 






s 






D 




3 


14 


Ar-(IX+ d)n/i -> Ar 


I 


I 


S P 


R 


R 




AND (lY + d) 


11 111 101 
10100110 
<d> 






s 






D 




3 


14 


Ar-(IY + d)M->Ar 


X 


t 


8 P 


R 


R 


Compare 


CPg 


10111 g 








S 




D 




1 


4 


Ar-gr 


I 


I 


: V 


S 


I 




CP (HL) 


10111 110 










S 


D 




1 


6 


Ar-(HL)M 


I 


I 


I V 


8 


I 




CPm 


11 111 110 
<m> 


s 










D 




2 


6 


Ar-m 


I 


I 


: V 


8 


X 
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1 . Arithmetic and Logical Instructions (8*bit) (cont) 









Addressing 








Flag 


Operation 
Name 






Q 
UJ 






REG 


REGI 












7 


6 


4 


2 


1 





Mnemonics 


Opcode 


m 


b 

X 

LLI 


g 


CL 

m 


_j 
txi 
cr 


Bytes 


States 


Operation 


S 


Z 


H 


P/V 


N 


C 


Compare 


CP(iX + d) 


11 011 101 
10 111 110 
<d> 






s 






D 




3 


14 


Ar-(IX + d)M 




: 


t 


V 


S 


I 




CP (lY + d) 


11 111 101 
10111 110 
<d> 






s 






D 




3 


14 


Ar-(IY + d)M 


t 




I 


V 


s 


t 


Comple- 
ment 


CPL 


00101 111 












S/D 




1 


3 


Ar-*Ar 




— 


S 


— 


s 


— 


DEC 




00 g 101 








S/D 








1 


4 


gf — ^ — > gr 


t 




t 


y 


Q 






DEC iH\\ 


00 110 101 

WW 1 1 W 1 w 1 










S/D 






1 


10 




t 
■¥ 


t 


t 
*■ 


V 


s 






DEC (IX + d) 


11 oil 101 
00110101 
<d> 






S/D 










3 


18 


(IX + d)M - 1 

(IX + d)M 


: 


X 


t 


V 


S 


- 




DEC (lY + d) 


11 111 101 
00110101 
<d> 






SID 










3 


18 


(lY + d)u - 1 ~» 


I 


t 


I 


V 


s 




ii>i\> 


IMP n 


(Y) n inn 








S/D 








'1 


4 


gr + 1 — > gr 


: 


t 


t 


V 


R 






INC (HL) 


00110100 










S/D 






1 


10 


(HL)m + 1-*(HL)m 


: 


t 


t 


V 


R 






INC (IX + d) 


11 oil 101 
00110100 
<d> 






S/0 










3 


18 


(IX + d)M + 1-> 
(IX + d)M 


: 


t 


t 


V 


R 






INC (lY + d) 


11 111 101 
00110100 
<d> 






S/D 










3 


18 


(lY + d)M + 1 


: 


I 


I 


V 


R 




MULT 


MLTww 


11 101 101 
01 wwl 100 








S/0 








2 


17 


wwHrxwwLr-»ww 




NEGATE 


NEG 


11 101 101 
01 000 100 
















2 


6 


- Ar Ar 


I 


t 


I 


V 


S 


I 


OR 


ORg 


lOllOg 








S 




D 




1 


4 


Ar + gr Ar 


: 




R 


p 


R 


R 




OR(HL) 


10110110 










S 


D 




1 


6 


Ar+(HL)M->Ar 


: 


: 


R 


p 


R 


R 




ORm 


11 110110 
<m> 


s 










D 




2 


6 


Ar + m Ar 


t 


I 


R 


p 


R 


R 




OR(IX + d) 


11 Oil 101 
10110110 
<d> 






S 






D 




3 


"14 


Ar+(IX + d)|^-*Ar 




I 


R 


p 


R 


R 




OR(IY + d) 


11 111 101 
10110110 
<d> 






S 






D 




3 


14 


Ar+(IY + d)M-»Ar 


t 


t 


R 


p 


R 


R 
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1 . Arithmetic and Logical Instructions (8-bit) (cent) 









Addressing 








Flag 


Operation 
Name 






o 

LU 




X 


o 

LU 


REGI 1 












7 


6 


4 


2 


1 





Mnemonics 


Opcode 




LU 




Q_ 


—i 

LU 
CC 


Bytes 


States 


Operation 


S 


Z 


H 


P/V 


N 


C 


SUB 


SUBg 


10 010 g 








s 




D 




1 


4 


Ar - gr -> Ar 


t 


I 


: 


V 


s 


: 




SUB(HL) 


10 010110 










S 







1 


6 


Ar-(HL)M-^Ar 


I 


I 


I 


V 


s 


I 




SUB m 


44 A4 A 4 4 A 

11 010 110 

<m> 


c 
o 










n 
u 




2 


6 


Ar - m — > Ar 


t 


t 


i 


y 


5 


t 




SUB(IXtd) 


11 Oil 101 
10010110 
<d> 






s 






D 




3 


14 


Ar-(IX + d)M-*Ar 


I 


: 


: 


V 


S 


I 




SUB(IY + d) 


11 111 101 
10010110 
<d> 






S 






D 




3 


14 


Ar-(IY + d)M->Ar 


I 


I 


I 


V 


S 


I 


SUBC 


SBCA,g 


10011 g 








s 




D 




1 


4 


Ar - gr - c Ar 


I 


I 


I 


V 


S 


I 




SBC A, (HL) 


10011 110 










s 


D 




1 


6 


Ar-(HL)v|-c-4Ar 


I 


I 


I 


V 


s 


I 




SBC A, m 


11 Oil 110 
<m> 


s 










D 




2 


6 


Ar - m - c — > Ar 


I 


I 


I 


V 


s 


I 




SBC A, (IX + d) 


11 Oil 101 
10011 110 
<d> 






s 






D 




3 


14 


Ar-(IX + d)M-c-^Ar 


I 


I 


I 


V 


s 


I 




SBCA.{IY + d) 


11 111 101 
10011 110 
<d> 






s 






D 




3 


14 


Ar-(IY + d)M-c-^Ar 


I 


% 


I 


V 


s 


I 


TEST 


TSTg 


11 101 101 
OOg 100 








S 








2 


7 


Ar-gr 


X 


I 


s 


p 


R 


R 




TST(HL) 


11 101 101 
00110100 










s 






2 


10 


Ar-(HL)M 


I 


I 


s 


p 


R 


R 




TSTm 


11 101 101 
01 100100 
<m> 


s 














3 


9 


Ar-m 


I 


I 


s 


p 


R 


R 


XOR 


XORg 


10101 g 








S 




D 




1 


4 


Ar e gr ^ Ar 


I 


I 


R 


p 


R 


R 




XOR (HL) 


10101 110 










s 






1 


6 


Ar©(HL)M->Ar 


I 


I 


p 


p 


R 


R 




XORm 


11 101 110 
<m> 


s 










D 




2 


6 


Ar ® m -> Ar 


I 


I 


R 


p 


R 


R 




XOR(IX + d) 


11 Oil 101 
10101 110 
<d> 






s 






D 




3 


14 


Ar©{IX + d)M->Ar 


I 


I 


R 


p 


R 


R 




XOR(IY + d) 


11 111 101 
10101 110 
<d> 






s 






D 




3 


14 


Ar®{IY + d)M-^Ar 


I 


I 


R 


p 


R 


R 
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2. Rotate and Shift Instructions 



operation 
Name 



Mnemonics 



ppCode 



Addressing 



States 



Operation 



7 6 4 2 1 



S Z H P/V N C 



Rotate 
and 

shift data 



Rl-A 
RLg 

RL (HL) 

RL(IX + d) 

RL (lY + d) 

RLCA 
RLCg 

RLC (HL) 

RLC(iX + d) 

RLC(IY + d) 

RLD 

RRA 
RRg 

RR (HL) 

RR (iX + d) 

RR (lY + d) 



RRCA 
RRCg 



00 010111 

11 001 Oil 
OOOlOg 

11 001 Oil 
00010110 

11 Oil 101 
11 001 Oil 
<d> 

00 010110 

11 111 101 
11 001 Oil 
<d> 

00 010110 

00 000111 

11 001 011 
OOOOOg 

11 001 Oil 
00 000110 

11 oil 101 
11 001 oil 
<d> 

00 000110 

11 111 101 
11 001 oil 
<d> 

00 000110 

11 101 101 

01 101 111 

00 011 111 

11 001 oil 
00 011 g 

11 001 oil 
00 011 110 

11 oil 101 
11 001 oil 
<d> 

00 011 110 

11 111 101 
11 001 oil 
<d> 

00011 110 

00 001 111 

11 001 oil 
00 001 g 



S/D 



S/0 



S/D 



S/D 



S/0 



S/D 



S/D 



SAD 



S/D 



S/D 



SID 



S/D 



S/D 



S/D 



SID 



SID 



19 



13 



19 



kH IIIII III^ 



C b7 * bO 



D^ llllll ll^ 

C b7 bO 



b7 ►bO C 



b7 mbO C 



— - R ~ R J 

: I R p R : 

t : R p R : 

J : R p R : 

: : R p R : 

— R - R : 
: : R p R : 

t : R p R : 

: X R p R : 

I : R p R : 

: : R p R - 

— R - R : 

t t R P R t 

t : R P R J 

I t R p R : 

J J R P R J 



R ~ R : 

J : R p R : 



838 
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2. Rotate and Shift Instructions (cont) 



Operation 
Name 



Mnemonics 



Opcode 



Addresslnp 



Bytes 



States 



operation 



Flap 



7 6 4 2 1 



S Z H P/V N C 



Rotate 
and 

shift data 



RRC{HL) 
RRC(IX + d) 

RRC(IY + d) 

RRD 
SLAg 

Si_A(HL) 
SLA (IX + d) 

SLA (lY + d) 

SRAg 
SRA(HL) 
SRA(IX + d) 

SRA(IY + d) 

SRLg 
SRL(HL) 
SRL(IX + d) 

SRL(IY + d) 



11 001 Oil 
00 001 110 

11 Oil 101 
11 001 Oil 
<d> 

00 001 110 

11 111 101 
11 001 Oil 
<d> 

00 001 110 

11 101 101 
01 100111 

11 001 oil 
OOlOOg 

11 001 011 
00 100110 

11 011 101 
11 001 011 
<d> 

00 100110 

11 111 101 
11 001 011 
<d> 

00 100110 

11 001 011 

001 101 g 

11 001 Oil 
00101 110 

11 011 101 
11 001 011 
<d> 

00101 110 

11 111 101 
11 001 011 
<d> 

00101 110 

11 001 oil 
00111 g 

11 001 Oil 
00111 110 

11 Oil 101 
11 001 011 
<d> 

00111 110 

11 111 101 
11 001 Oil 
<d> 

00111 110 



S/0 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/D 



S/0 



S/D 



S/D 



S/D 



S/D 



LJ2 



EITTTXI (hljm 



□H M M 1 1 1 h ° 



?IIIIIIIK] 



1 1 1 1 1 M hP 

b7 bO C 



J J R P R t 

t : R p R t 

: : R p R t 

t t R P R - 

t t R p R : 

: t R p R : 

: : R p R : 

: : R p R t 

t : R p R : 

: : R p R : 

I t R p R t 

: t R p R : 

: : R p R : 

t : R p R t 

t : R p R t 

I : R p R t 
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3. Bit Manipulation Instructions 



Operation 
Name 


Mnemonics 


Op Code 


Addressing 


Bytes 


States 


Operation 


Flag 


IMMED 


LU 


X 

Q 
Z 


o 

LU 
CC 


o 

LU 
DC 


Q. 

m 


—I 

LU 

ir 


7 6 4 2 


1 


S Z H P/V 


N C 


Bit set 


SETb.g 
SETb,(HL) 
SETb. (IX + d) 

SETb. (lY+d) 


11 001 Oil 
lib g 

11 001 Oil 
11b 110 

11 Oil 101 
11 001 Oil 
<d> 

lib 110 

11 111 101 
11 001 Oil 
<d> 

lib 110 






S/D 
S/D 


S/D 


W 






2 
2 
4 

4 


7 

13 
19 

19 


1 -^b-gr 
1-.b(HL)M 
1-^b-(IX + d)M 

1^b(IY + d)M 




Bit reset 


RESb.g 
RES b. (HL) 
RESb. (IX + d) 

nto D, (It + Q) 


11 001 011 
10b g 

11 001 Oil 
10b 110 

11 Oil 101 
11 001 Oil 
<a> 

10b 110 
11 111 mi 

11 001 Oil 
<d> 

10b 110 






S/D 
S/D 


S/D 


S/D 






2 
2 
4 

A 


7 

13 

19 

1Q 


-> bgr 
0->b-(HL)M 
0-^b(IX + d)|y| 

U -4D (IT + 0)^ 




Bit test 


bll D, g 


11 Am mi 








S 










c 


e 
D 


- — 

b-gr -> z 


X : s X 


R - 






01 b g 




























BIT b, (HL) 


11 001 Oil 










S 






2 


9 


b-(HL)M-^z 


X t S X 


R - 






01b 110 




























BITb, (IX + d) 


11 Oil 101 






S 










4 


15 


b-(iX + d)M-^z 


X t S X 


R -- 






11 001 Oil 






























<d> 






























01b 110 




























BITb. (lY + d) 


11 111 101 






S 










4 


15 


b-(IY + d)M-^z 


X J S X 


R - 






11001 Oil 






























<d> 






























01b 110 
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4. Arithmetic Instructions (16-bit) 









AddrHiing 








Fte0 


Operation 


























7 6 4 2 


1 


IVinemOnlCI 


\^ wOQI 


i 




§ 






1 




Bytii 




Qpintlon 


8 Z H P/V 


N C 


ADD 


ADDHL.WW 


OOwwl 001 








s 




D 




1 








R t 




ADD IX, XX 


11 Oil 101 
OOxxl 001 








s 




D 




2 


10 


IXr*«r-^IXr 




R t 




ADD lY. yy 


11 111 101 

AA uu4 AAi 

w yyi Wi 








s 




D 




2 


10 


IYR4yyR-4lYR 


X - 


R t 


ADC 


ADCHLww 


11 101 101 
01 wwl 010 








s 




D 




2 


10 


HLr + WWr + C HLr 


: t X V 


R I 


DEC 


DEC WW 
DEC IX 

DECIY 


OOwwl Oil 
11 Oil 101 

AA A44 

00 101 Oil 

11 111 101 

00 101 oil 








S/D 




S/D 
S/D 




1 
2 

2 


7 


WWr - 1 WWr 
IXr.1-.IXr 

IYr-I-^IYr 






INC 


INC WW 
INC IX 

INCIY 


00WW0 011 

11 011 101 
00 100 011 

11 111 101 
00 100 011 








SO 




S/D 
S/D 




1 
2 

2 




WWr + 1 -> WWr 
IXr + 1 -> IXr 

IYr + 1-^IYr 






SBC 


SBCHL.WW 


11 101 101 
01 wwOOlO 








S 




D 




2 


10 


HLp-wwp-c -^HLr 


: t X V 


s : 
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• Data Transfer Instructions 

1. 8-Bit Load 









Addressing 








Flag 


Operation 
Name 






o 

LU 




X 


REG 


REGI 












7 


6 


4 2 1 





Mnemonics 


Opcode 


s 


LU 


Q 
Z 


Q- 


_J 

UJ 
QC 


Bytes 


States 


Operation 


S 


Z 


H P/V N 


C 


Load 
8-bit data 


LDA.I 


11 101 101 
01 010 111 












S/D 




2 


6 


Ir-^Ar 


I 


: 


R lEFg R 






LDA.R 


11 101 101 
01 Oil 111 












S/D 




2 


6 


Rr->Ar 


t 




R IEF2 R 


— 




LD A. (BC) 


00 001 010 










s 


D 




1 


6 


(BC)M-4Af(Note) 












LD A. (DE) 


00 011 010 










s 


D 




1 


6 


(DE)M-^Ar 












LD A, (mn) 


00111 010 

<n> 

<m> 




s 








D 




3 


12 


(mn)M-^Ar 












LD I.A 


11 101 101 
01 000 111 












S/D 




2 


6 


Ar->lr 












LD R.A 


11 101 101 

U 1 \AJ \ III 












S/D 




2 


6 


Ar-^Rr 












LD (BC). A 


00 000 010 










D 


S 




1 


7 


Ar-^ (BC)m 












LD (DE). A 


00 010 010 










D 


s 




1 


7 


Ar-^ {DE)m 












LD (mn). A 


00110010 

<n> 

<m> 




D 








s 




3 


13 


Ar-^(mn)M 












LDg. g' 


019 9' 








S/D 








1 


4 


gr'-->gr 












LD g. (HL) 


01 g 110 








D 


S 






1 


6 


(HL)M-*gr 












LD g, m 


OOg 110 
<m> 


S 






D 








2 


6 


m->gr 












LD g. (IX + d) 


11 Oil 101 
01 g 110 
<d> 






S 


D 








3 


14 


(IX + d)M->gr 












LDg. (lY + d) 


11 111 101 
01 g 110 

<u> 






s 


D 








3 


14 


(IY + d)M-^gr 












LD (HL). m 


00110110 
<m> 


S 








D 






2 


9 


m->(HL)M 












LD(IX + d).m 


11 Oil 101 
00110110 
<d> 
<m> 


s 




D 










4 


15 


m-^(IX + d)M 












LD(IY + d).m 


11 111 101 
00110110 
<d> 
<m> 


s 




D 










4 


15 


m-^(IY + d)M 











Note; Interrupts are not detected at the end of the LD A, I and LD A. R instructions. 
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1. 8-Bit Load (com) 



Operation 
Name 


Mnemonics 


Op Code 


Addressing 


Bytes 


States 


Operation 


Flag 


IMMED 


UJ 


g 


o 

UJ 

cr 


REGI 


a. 
s 


—J 

UJ 

cc 


7 6 4 2 1 


S Z H P/V N C 


Load 


LD(HL).g 


01 110 g 








S 


D 






1 


7 


gr-^(HL)M 




8-bit data 


LD(IX + d).g 


11 Oil 101 






D 


S 








3 


15 


gr-^(IX + d)M 








01 110 g 




























<d> 


























LD (IY + d).g 


11 111 101 






D 


S 








3 


15 


gr-*(IY + d)M 








01 110 g 




























<d> 

























2. 16-Bit Load 



operation 
Name 


Mnemonics 


Op Code 


Addressing 


Bytes 


States 


Operation 


Flag 


IMMED 


UJ 


INDX 


REG 


REGI 


Q. 


_j 

UJ 

cr 


7 6 4 2 1 


S Z H P/V N C 


Load 


LD WW, mn 


OOwwOOOl 


S 






D 








3 


9 


mn-> wwr 




16-bit data 




<n> 




























<m> 


























LD IX. mn 


11 Oil 101 


S 










D 




4 


12 


mn — » IXp 








00 100 001 




























<n> 




























<m> 


























LD lY. mn 


11 111 101 


S 










D 




4 


12 


mn -> IYr 








00 100 001 




























<n> 




























<m> 


























LDSRHL 


11 111 001 












SJD 




1 


4 


HLr-^SPr 






LDSP.IX 


11 Oil 101 












S/D 




2 


7 


IXr-^SPr 








11 111 001 


























LDSP. lY 


11 111 101 












S/D 




2 


7 


IYr-^SPr 








11 111 001 
























LD WW, (mn) 


11 101 101 




S 




D 








4 


18 


(mn+ 1)^/1 -^wwHr 








01 wwl Oil 




























<n> 




























<m> 


























LD HL, (mn) 


00101 010 




s 








D 




3 


15 


(mn+ 1)n/| -*Hr 








<n> 




















(mn)M-*Lr 








<m> 
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2. 16-Bit Load (cont) 



Operation 


Mnenionics 


Op Code 


Addressing 


Bytes 


States 


Operation 


riag 


IMMED 1 


UJ 


j INDX 


o 

LU 

cr 


REGI 


CL 


—J 

LU 

cr 


7 6 4 2 1 


S Z H P/V N C 


Load 


LD IX, (mn) 


11 Oil 101 




S 








D 




4 


10 

10 


fmn J. 1\. . lYUf 
\inn + 1 /M lAnf 




1 C kit etntt 

1 D-DII Qala 




UU lUI \Jl\J 




















fmnUj -4 IXLr 








<n> 






















































LU It, (mn) 


11 111 101 




S 








D 




A 

** 


Ifl 
10 


^iDi 1 + 1 — T 1 T ni 




























lmn)u lYLr 








<n> 




























<m> 


























LD (rnn), ww 


11 mi im 

11 1U1 lUl 




D 




S 










19 


TnfTFwrii IMIII T 1 yftj 








m \u\uf\ mi 

Ul WWU Ull 




























<n> 




























<m> 


























LU [n\r\), nL 


nn inn nin 

w 1 UU U 1 u 




D 








S 




3 


16 


Mr k /mn + 1 

1 II ^ ^llll 1 T 1 / M 








<n> 




















LI — * viiii;^ 








<m> 


























LD (mn), IX 


11 Oil 101 




D 








S 




4 


19 


IXHr->(mn+1)M 








00 100 010 




















IXLr (mn)vi 








<n> 




























<m> 


























LD (mn). lY 


11 111 101 




D 








S 




4 


19 


IYHr->(mn+1)M 






00 100 010 




















IYLr-^(mn)vi 








<n> 




























<m> 
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3. Block Transfer 



Operation 
Name 



Mnemonics 



Opcode 



Addressing 



Bytes 



States 



Operation 



7 6 4 2 1 
S Z H P/V N C 



Block 
transfer 
search 
data 



CPD 



CPDR 



CPI 



CPIR 



LDD 



LDDR 



LDI 



LDIR 



11 101 101 
10101 001 



11 101 101 
10111 001 



11 101 101 
10 1 00 001 



11 101 101 
10110001 



11 101 101 
10101 000 



11 101 101 
10111 000 



11 101 101 
10 100 000 



11 101 101 
10110 000 



S/D 



S/D 



S/0 



S/0 



12 



14(BCR?t0) 
12(BCr = 0) 



12 



14(BCr^0) 
12(BCr = 0) 



Ar-(HL)M 
BCr - 1 BCr 
HLr-1-.HLr 

BCR9tOAr#(HL)M 
BCR = 0orAr = (HL)|y4 
r Ar-(HL)R 

BCr - 1 -> BCr 

HLr-1-^HLr 
Repeat until 
Ar=(HL)Mor BCr = 

Ar-(HL)M 
BCr-1 -»BCr 
HLr + 1 ^ HLr 

BCR^OAr#(HL)M 
BCr = or Ar=(HL)M 
r Ar-(HL)v, 

BCr - 1 BCr 
I HLr + 1-^HLr 
Repeat Q until 
Ar=(HL)M or BCr = 

(HL)m^(DE)m 

BCr - 1 BCr 

DEr-1-^DEr 
HLr-1-.HLr 

(HL)m->(DE)m 

BCr-1 -►BCr 

DEr-1-.DEr 

HLr- 1^ HLr 

Repeat Q until 
BCr = 

(HL)m->(DE)m 

BCr - 1 BCr 

DEr + I -> DEr 

HLr. 1-^ HLr 

/ (hl)m-^(DE)m 

Q BCr - 1 -> BCr 

DEr + 1 -^DEr 
k HLr + 1 -^HLr 
Repeat Q until 
BCr = 



: : : : s - 

*2 *1 

: : : : s - 



*2 *1 

: : : s 
Ills 

*2 *1 

: t t s 



— R : R 



— R : R - 



R R R 



Notes 1 P/V = 0: BCr - 1 = 
P/V = V BCr-1 *0 
2. Z = 1- Ar = (HL)M 
Z = 0: Ar^{HL)M 
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4. Stack and Exchange 



Operation 
Name 


Mnemonics 


Opcode 


Addressing 


Bytes 


States 


Operation 


Flag 


IMMED 


1 — 


INDX 


REG 


REGI 




LU 
QC 


7 6 


4 2 10 


S Z 


H P/V N C 


PUSH 


PUSHzz 
PUSH IX 
PUSH lY 


11 zz0 101 

11 Oil 101 
11 100101 

11 111 101 
11 100101 








S 




D 

S/D 
S/D 




1 
2 
2 


11 
14 
14 


zzLr->(SP-2)M 
zzHr-.(SP-1)M 
SPr-2-.SPr 

IXLr-4(SP-2)M 
IXHr-^(SP-1)M 
SPr-2-.SPr 

IYLr-.(SP-2)M 
IYHr-.(SP-1)M 
SPr-2->SPr 




PCF 


POPzz 
POP IX 
POPIY 


11 zzOOOl 

11 Oil 101 
11 100 001 

11 111 101 
11 100 001 








D 




S 

S/D 




1 
2 
2 


9 

12 

12 


(SP+1)M-^ZzHKNote) 

/QD\. - 7-yl r 
[Or)^ — * ZZU 

SPr + 2 -4 SPr 

(SP+1)M-*IXHr 
(SP)m IXr 
SPr + 2->SPr 

(SP+1)m-^ lYHr 
{SP)M-^IYLr 

SPr + 2 -.SPr 




Exchange 


EXAF.AF' 


00001 000 












S/D 




1 


4 


AFr->AFr' 








EXDE. HL 


11 101 oil 












S/D 




1 


3 


DEr-HLr 








EXX 


11 oil 001 












S/D 




1 


3 


BCd ~ BCd 
n n 






























DEr -DEr- 






























HLr - HLr 








EX(SP), HL 


11 100 011 












SID 




1 


16 


Hr-(SP+1)M 






























Lr-(SP)M 








EX(SP). IX 


11 oil 101 












SID 




2 


19 


IXHr-(SP + 1)M 










11 100011 




















IXLr-(SP)M 








EX{SP). lY 


11 111 101 












SID 




2 


19 


IYHr-(SP + 1)M 










11 100011 




















IYLr-(SP)M 







Note: POP AF writes stack contents to flag. 
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• Program Control Instructions 



Operation 
Name 


Mnemonics 


Op Code 


Addressing 


Bytes 


States 


Operation 


Flag 


IMMED 


LU 


INDX 


REG 


REGi 


CL 


_i 

LU 
CE 


7 6 4 2 1 


S Z H P/V N C 


Call 


CALL mn 
CALLf. mn 


11 001 101 

<n> 

<m> 

11 f 100 

<n> 

<m> 




D 
D 












3 
3 


16 

6(f: false) 
16 (f: true) 


PCHr-^(SP-1)M 
PCLr->{SP-2)M 
mn-4 PGr 
SPr-2-.SPr 

continue: f is false 
CALL mn: f is true 




Jump 


DJNZj 

JPf, mn 

JP mn 

JP(HL) 
JP(IX) 

JP(IY) 

JRj 

JRC.j 

JR NC, j 

JRZ,j 

Jn riL, J 


00 010 000 
<j-2> 

11 f 010 

<n> 

<m> 

11 000 011 

<n> 

<m> 

11 101 001 

11 011 101 
11 101 001 

11 111 101 
11 101 001 

00 011 000 
<i-2> 

00111 000 
<j-2> 

00110 000 
<j-2> 

00 101 000 
42> 

UU lUU UUv 

<j-2> 




D 
D 






D 
D 

D 




D 
[) 

D 
D 
D 
D 


2 
2 

3 
3 

3 

1 
2 

2 

2 

2 
2 

2 
2 

2 
2 

o 
c 

2 


9(Br#0) 
7(Br = 0) 

6(f: false) 
9(f: true) 

9 

3 
6 

6 

8 

6 
8 

6 
8 

6 
8 

D 

8 


Br-1 -*Br 

continue: Br = 

PCR + j->PCR: Br^tO 

mn -> PCr: f is true 
continue, f is false 

mn-> PCr 

HLr-^PCr 
IXr-.PCr 

IYr-^PCr 

PCr + j ^ PCv 

continue- C = 
PCr + j PCr: C = 1 

continue" C = 1 

PCr + j -> PCr: C = 

continue' Z = 
PCr + j PCr: Z = 1 

cuniinuc. L = 1 

PCr + I-^PCr: Z = 




Return 


RET 


11 001 001 












D 




1 


9 


(SP)m -> PCLr 




























(SP+1)M->PCHr 




























SPr + 2 SPr 






RETf 


11 f 000 














D 


1 


5(f: false) 


continue: f is false 
























1 


10 (f: true) 


RET: f is true 






RETl 


11 101 101 












D 




2 


22 (Z) 


{SP)m -» PCLr 








01 001 101 


















12 (R1) 


(SP + 1)M-*PCHr 




























SPr + 2 SPr 
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• Program Control Instructions (cont) 









Addressing 








Flag 


Operation 
Name 






o 




X 


a 

LU 
CC 


o 

UJ 

oc 












7 6 4 2 


1 


Mnemonics 


Op Code 


m 


UJ 


o 
2 


Q. 

m 


ijj 
cc 


Bytes 


States 


Operation 


S Z H P/V 


N C 


Return 


RETN 


11 101 101 
01 000 101 












D 




2 


12 


{SP)M-^PCLr 
(SP+1)M-^PCHr 
SPr + 2-»SPr 
IEF2-*IEF1 




Restart 


RSTv 


11 V 111 












D 




1 


11 


PCHr-*(SP-1)M 

PCLr-^(SP-2)M 

0->PCHr 

v-^PCLr 

SPr-2-^SPr 




I/O Instructions 








Addressing 








Flag 


Operation 
Name 












o 

UJ 

cc 


o 

UJ 

cc 












7 6 4 2 


1 


Mnemonics 


Op Code 




UJ 




1 


-J 

UJ 

cc 


Bytes 


States 


Operation 


S Z H P/V 


N C 


Input 


INA.(m) 


11 Oil Oil 
<m> 












D 


S 


2 


9 


{Am)| Ar 
m-> AotoA7 
Ar-^AetoAi5 








INg.(C) 


11 101 101 
01 g 000 








D 






S 


2 


9 


(BC),-^gr 
g»110: only the 
flags will change. 
Cr-»AotoA7 
Br-»A6toAi5 


: I R P 


R - 




INO g, (m) 


11 101 101 
OOg 000 
<m> 








D 






S 


3 


12 


(OOm)i -» gr 
g = 110: only the 
flags will 
change, 
m -» Ao to A7 
00->A6to A|5 


: : R p 

•1 


R - 
*2 




IND 


11 101 101 
10101 010 










D 




S 


2 


12 


(BC), (HL)M 
HLR-1--.HLR 
Br-1 ->Br 
Cr Aq to A7 
Br~>AetoAt5 


X : X X 


t X 
*2 



Notes: 1. Z = 1: Br-1 =0 
Z = 0: Br-1#0 
2. N»l: MSBofdata = 1 
N = 0: MSBofdata = 
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• I/O Instructions (cont) 



Operation 
Name 



Mnemonics 



Opcode 



Addressing 



States 



Operation 



S Z 



Input 



INDR 



11 101 101 
10111010 



INI 



INIR 



11 101 101 
10 100 010 



11 101 101 
10110010 



14(Br?tO) 
12(Br = 0) 



12 



14(Br9tO) 
12 (Br =0) 



( (BC),->(HL)m 
HLr-1-»HLr 

. Br-1 -*Br 
Repeat Q until 
Br = 

Cr Aq to Ay 
Br-^ Agto A^5 

(BC),-.(HL)m 
HLr + 1 ^ HLr 
Br-1 -^Br 
Cr-^Aoto Ay 
Br-4A6toAi5 

( (BC),-.(HL)m 
HLr + 1->HLr 

, Br-1 -»Br 
Repeat until 
Br=0 

Cr -> Aq to Ay 
Br-»AetoA^5 



X S 



*1 *2 
X t X X t X 



X s 



Output 



OUT(m).A 



OUT (C).g 



OUTO (m), g 



OTDM 



OTDMR 



11 010 011 
<m> 

11 101 101 
01 g 001 

11 101 101 
00 g 001 
<m> 

11 101 101 
10 001 Oil 



11 101 101 
10 011 Oil 



10 



10 



14 



16(Br9t0) 
14(Br = 0) 



Ar -» (Am)| 
m — > Aq to Ay 
Ar-^AgtoAis 

gr^(BC), 
Cr -> Aq to Ay 
Br-» Agto Ai5 

gr -> (OOm)i 
m Aq to Ay 
00 Agto A^5 

(HL)m-^(OOC), 
HLr -1-^ HLr 
Cr-1 -»Cr 
Br-1 Br 
Cr Aq to Ay 
00 ^ Agto Ai5 

^ (HL)m-*(OOC), 
HLr-1 
Cr-1 -^Cr 
^ Br-1 -^Br 
Repeat Q until 
Br=0 

Cr Aq to Ay 
00 ~» Agto A^s 



•1 *2 

t : : p : : 



R S 



HLr 



Notes: 1. Z=1: Br-1 =0 
Z = 0: Br-1#0 
2. N = 1: MSBofdata = 1 
N = 0: MSBofdata = 
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• I/O Instructions (cont) 



Operation 
Name 



Mnemonics 



Op Code 



Addressing 



States 



Operation 



S Z 



Output 



OTDR 



OUTI 



OTIR 



TSTIOm 



OTIM 



OTIMR 



OUTD 



11 101 101 
10111 Oil 



11 101 101 
10100011 



11 101 101 
10110011 



11 101 101 
01 110100 
<m> 

11 101 101 
10 000 011 



11 101 101 
10 010 011 



11 101 101 
10101 oil 



14(Br^0) 
12(Br = 0) 



12 



14(Br#0) 
12(Br = 0) 



12 



14 



16(Br^0) 
14(Br = 0) 



12 



f (HL)m-^(BC), 
HLr-1->HLr 
Br-1 -^Br 
Repeat Q until 
Br=:0 

Cr Aq to Ay 
Br-^AgtoA^s 

(HL)m-^(BC)| 
HLr + 1 -*HLr 
Br-1 -^Br 
Cr->Aoto A7 
Br-^AetoA^5 

f {HL)m-^(BC), 
HLr + 1 ->HLr 
Br-1 -*Br 
Repeat Q until 
Br = 

Cr-^AotoAy 
Br-^AetoAi5 

(OOC)i-m 
Cr -4 Aq to A7 
00->Aeto Ai5 

(HL)m-^(OOC), 
HLr + 1 ->HLr 
Cr + 1 Cr 
Br-1 -*Br 
Cr->AotoA7 
00-»Aeto A^5 

(HL)m-^(OOC), 
HLr + 1 HLr 
Cr + 1 Cr 
1^ Br-1 ->Br 
Repeat Q until 
Br = 

Cr -> Aq to Ay 
00-»AetoAi5 

{HL)m-^(BC), 
HLr-1-.HLr 
Br-1 -^Br 
Cr Ao to Ay 
Br->AetoAi5 



X S 



*1 *2 

X : X X : X 



X s 



: : s p R R 

*1 *2 

: t : p : : 



R s R s : R 



*1 *2 

X : X X : X 



Notes: 1. Z = 1: Br-1«0 
Z:=0: Br-1^0 
2. N»1: MSBofdatazzi 
N:»0: MSBofdata^O 
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• Special Control Instructions 



Operation 
Namo 


Mnomonics 


Op Code 


Addressing 


Bytes 


States 


Operation 


Flag 


IMMED 




INDX 


REG 


REGI 




_j 




g 


4 2 10 


Q 


7 


U DA/ M C 

n r/v n o 


function 


DAA 


00 100 111 












S/D 




1 


4 


adjust 

accumulator 


I 


I 


I P - I 


Carry 
control 


CCF 

OTP 


00111 111 


















3 

o 


C-^C 

1 — > Vy 


— 




□ D "f 
H — Hi 

R — R S 


CPU 


Dl 


11 110011 


















3 


0->IEF^,0->IEF2t'^" 








(/QllirQI 


Ei 


11 111011 


















3 


1_^IEFi,1->IEF2(No»» 










HALT 


01 110110 


















3 


CPU halted 










IMO 


11 101 101 
















2 


6 


Interrupt 












01 000110 




















modeO 










IM1 


11 101 101 
















2 


6 


Interrupt 












01 010110 




















mode 1 










IM2 


11 101 101 
















2 


6 


Interrupt 












01 Oil 110 




















mode 2 










NOP 


00 000 000 
















1 


3 


No operation 










SLP 


11 101 101 
















2 


8 


Sleep 












01 110110 





























Note: Interrupts are not detected at the end of the Dl or Ei instruction. 
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■ Alphabetical Instruction List 



Mnemonics 


Bytes 


Machine Cycles 


States 


ADC A, m 


2 


2 


6 


ADC A, g 


1 


2 


4 


ADC A, (HL) 


1 


2 


6 


ADC A. (IX + d) 


3 


6 


14 


ADC A. (lY + d) 


3 


6 


14 


ADC HL, WW 


2 


6 


10 


ADD A, m 


2 


2 


6 


ADD A, g 


1 


2 


4 


ADD A, (HL) 


1 


2 


6 


ADD A, (IX + d) 


3 


6 


14 


ADD A, (lY + d) 


3 


6 


14 


ADD HL, WW 


1 


5 


7 


ADD IX, XX 


2 


6 


10 


ADD lY, yy 


2 


6 


10 


AND m 


2 


2 


6 


ANDg 


1 


2 


4 


AND (HL) 


1 


2 


6 


AND (IX + d) 


3 


6 


14 


AND(IY+d) 


3 


6 


14 


BIT b, (HL) 


2 


3 


9 


BIT b, (IX + d) 


4 


5 


15 


BIT b, (lY + d) 


4 


5 


15 


BIT b,g 


2 


2 


6 


GALL f, mn 


3 


2 


6 (If condition is false) 




3 


6 


16 (If condition is true) 


CALL mn 


3 


6 


16 


CCF 


1 


1 


3 


CPD 


2 


6 


12 


CPDR 


2 


8 


14(lf BCR^Oand Ar^(HL)M) 




2 


6 


12 (If BCR = Oor Ar = (HL)M) 
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Mnemonics Bytes Machine Cycles States 



CP (HL) 


1 


2 


6 


CPI 


2 


6 


12 


CPIR 


2 


8 


14 (If BCr 9t and Ar 9t (HL)m) 




2 


6 


12(lf BCR«Oor Ar-(HL)M) 


CP (IX + d) 


3 


6 


14 


CP (lY + d) 


3 


6 


14 


CPL 


1 


1 


3 


CP m 


2 


2 


6 


CPg 


1 


2 


4 


DAA 


1 


2 


4 


DEC (HL) 


1 


4 


10 


DEC IX 


2 


3 


7 


DEC lY 


2 


3 


7 


DEC (IX + d) 


3 


8 


18 


DEC (lY + d) 


3 


8 


18 


DECg 


1 


2 


4 


DEC WW 


1 


2 


4 


Dl 


1 


1 


3 


DJNZj 


2 


5 


9 (If Br It 0) 




2 


3 


7 (If Br = 0) 


El 


1 


1 


3 


EX AF, AP 


1 


2 


4 


EX DE. HL 


1 


1 


3 


EX (SP), HL 


1 


6 


16 


EX (SP), IX 


2 


7 


19 


EX (SP). lY 


2 


7 


19 


EXX 


1 


1 


3 


HALT 


1 


1 


3 


IMO 


2 


2 


6 


IM1 


2 


2 


6 


IM2 


2 


2 


6 
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Mnemonics Bytes Machine Cycles States 



INC a 


1 


2 


4 


INC ^HM 


-j 


4 


10 


INC MX + 


3 


8 


18 


INC MY + 


3 


8 


18 


INC WW 


"1 


2 


4 


INC IX 


2 


3 


7 


INC lY 


2 


3 


7 


IN A, (m) 


2 


3 


9 


IN a (C) 


2 


3 


9 




o 
c. 


A 

4 


1 ^ 


INIR 


2 


6 


14 (If Br#0) 


INIR 


2 


4 


12 (If Br = 0) 


IND 


2 


4 


12 


INDR 


2 


6 


14 (If Br^O) 




2 


4 


12 (If Br = 0) 


INOg, (m) 


3 


4 


12 


JPf, mn 


3 


2 


6 (If f is false) 




3 


3 


9 Hf f is truG^ 


JP (HL) 


■j 


1 


3 


ID /IV\ 

Jr (IX) 


i. 


o 
^1 


o 


JP (lY) 


2 


2 


6 


JP mm 


3 


3 


9 


JRj 


2 


4 


8 


JR C, j 


2 


2 


6 (If condition is false) 




2 


4 


8 (If condition is true) 


JR NC, j 


2 


2 


6 (If condition is false) 




2 


4 


8 (If condition is true) 


JRZJ 


2 


2 


6 (If condition is false) 




2 


4 


8 (If condition is true) 


JR NZ, j 


2 


2 


6 (If condition is false) 




2 


4 


8 (If condition is true) 


LD A. (BC) 


1 


2 


6 


LD A, (DE) 


1 


2 


6 
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Mnemonics 


Bytes 


Machine Cycies 


States 


LD A.I 


2 


2 


6 


LD A, (mm) 


3 


4 


12 


LD A, R 


2 


2 


6 


LD (BC). A 


1 


3 


7 


LDD 


2 


4 


12 


LD (DE), A 


1 


3 


7 


LD WW, mn 


3 


3 


9 


LD WW, (mn) 


4 


6 


18 


LDDR 


2 


6 


14(lf BCp^tO) 




2 


4 


12 (If BCr = 0) 


LD (HL), m 


2 


3 


9 


LD HL. (mn) 


3 


5 


15 


LD (HL). g 


1 


3 


7 


LDI 


2 


4 


12 


LDI. A 


2 


2 


6 


LDIR 


2 


6 


14 (If BCR9tO) 




2 


4 


12 (If BCr = 0) 


LD IX, mn 


4 


4 


12 


LD IX. (mn) 


4 


6 


18 


LD (IX + d),m 


4 


5 


15 


LD (IX + d). g 


3 


7 


15 


LD lY. mn 


4 


4 


12 


LD lY. (mn) 


4 


6 


18 


LD (IY + d),m 


4 


5 


15 


LD (IY + d).g 


3 


7 


15 


LD (mn). A 


3 


5 


13 


LD (mn). ww 


4 


7 


19 


LD (mn). HL 


3 


6 


16 


LD (mn), IX 


4 


7 


19 


LD (mn), lY 


4 


7 


19 


LD R, A 


2 


2 


6 


LDg. (HL) 


1 


2 


6 
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Mnemonics 


Bytes 


Machine Cycles 


States 


LD g. (IX + d) 


3 


6 


14 


LD g. (lY + d) 


3 


6 


14 


LD g. m 


2 


2 


6 


LDg,g' 


1 


2 


4 


LD SP, HL 


1 


2 


4 


LD SP, IX 


2 


3 


7 


LD SP, lY 


2 


3 


7 


MLT WW 


2 


13 


17 


NEG 


2 


2 


6 


NOP 


1 


1 


3 


OR (HL) 


1 


2 


6 


OR (IX + d) 


3 


6 


14 


OR(IY + d) 


3 


6 


14 


ORm 


2 


2 


6 


ORg 


1 


2 


4 


OTDM 


2 


6 


14 


OTHMR 
w 1 L/iviri 




Q 
o 






2 


6 


14 (If Br = 0) 


OTDR 


o 

c 


g 


14 /If Rr 5^ 0^ 




2 


4 


12 (If Br = 0) 


vy 1 iivi 


p 


5 


14 


OTIMR 

\J 1 IIVlii 


o 
c 


o 
o 


1R Mf Rr at 




2 


6 


14 (If Br = 0) 


OTIR 


2 


6 


14 (If Br^O) 




2 


4 


12 (If Br = 0) 


OUTD 


2 


4 


12 


OUTI 


2 


4 


12 


OUT (m), A 


2 


4 


10 


OUT(C).g 


2 


4 


10 


OUTO (m), g 


3 


5 


13 


POP IX 


2 


4 


12 


POP lY 


2 


4 


12 
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Mnemonics Bytes Machine Cycles States 



POP zz 


-j 


3 


g 




o 

£. 


D 


1 1 


PU<^M lY 
1 uon 1 1 


O 


O 


14. 


1 won L,£, 


1 


c 


11 




o 

C. 


c 
o 


1 '\ 


RES b, (IX + d) 


4 


7 


19 


RES b, (lY + d) 


4 


7 


19 


RES b, g 


2 


3 


7 


RET 


1 


3 


9 


RETf 


1 


3 


5 (If condition is false) 




1 


4 


10 (If condition is true) 


RETI 


2 


10 (Z) 


22 (Z) 






4 /R1^ 


12 iP^W 


RETN 


2 


4 


12 


RLA 


"I 


1 


3 




1 


1 


3 




c 


c; 


13 




4 


7 


19 


Rl O NY ^ d^ 




7 


19 


Rl n n 


p 
c 


Q 

o 


7 


Rl n 





o 
o 


1 R 

1 Q 


Rl /Ml \ 


o 

c. 


D 


1 *^ 


Rl MV J. H\ 


A 
** 


7 


1 Q 


RL MY 4- d\ 


A 
•t 


7 


19 


RL a 


P 


3 


7 


RRA 


1 


1 


3 


RRCA 


1 


1 


3 


RRC (HI) 


2 


5 


13 


RRC (IX + d) 


4 


7 


19 


RRC (lY + d) 


4 


7 


19 


RRCg 


2 


3 


7 
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Mnemonics 


Bytes 


Machine Cycles 


States 


RRD 


2 


8 


16 


RR (HL) 


2 


5 


13 


RR (IX + d) 


4 


7 


19 


RR (lY + d) 


4 


7 


19 


RRg 


2 


3 


7 


RSTv 


1 


5 


11 


SBC A. (HL) 


1 


2 


6 


SBC A, (IX + d) 


3 


6 


14 


SBC A. (lY + d) 


3 


6 


14 


SBC A, m 


2 


2 


6 


SBC A, g 


1 


2 


4 


SBC HL. WW 


2 


6 


10 


SCF 


1 


1 


3 


SET b, (HL) 


2 


5 


13 


SET b, (IX + d) 


4 


7 


19 


SET b, (lY + d) 


4 


7 


19 


SET b, g 


2 


3 


7 


SLA (HL) 


2 


5 


13 


SLA (IX + d) 


4 


7 


19 


SLA (lY + d) 


4 


7 


19 


SLAg 


2 


3 


7 


SLP 


2 


2 


8 


SRA (HL) 


2 


5 


13 


SRA(IX+d) 


4 


7 


19 


SRA(IY+d) 


4 


7 


19 


SRAg 


2 


3 


7 


SRL (HL) 


2 


5 


13 


SRL (IX + d) 


4 


7 


19 


SRL (lY + d) 


4 


7 


19 


SRLg 


2 


3 


7 


SUB (HL) 


1 


2 


6 
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Mnemonics 


Bytes 


Machine Cycles 


States 


SUB (IX + d) 


3 


6 


14 


SUB (lY + d) 


3 


6 


14 


SUBm 


2 


2 


6 


SUBg 


1 


2 


4 


TSTIO m 


3 


4 


12 


TSTg 


2 


3 


7 


TSTm 


3 


3 


9 


TST (HL) 


2 


4 


10 


XOR (HL) 


1 


2 


6 


XOR (IX + d) 


3 


6 


14 


XOR (lY + d) 


3 


6 


14 


XORm 


2 


2 


6 


XORg 


1 


2 


4 
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■ Op Code Map 



Table 3 Op Code Map (1) 

First op code 
Instruction fonnat: XX 





ww(LO = ALL) 




LO = 0to7 




BC 1 DE HL 


SP 






BC 


DE 


HL 


AF 


zz 


g(LO = 0to7) 




NZ 


NC 


PO 


P 


f 






B 


D 


H 


(HL) 


B 


D 


H 


(HL) 


OOH 


10H 


20H 


30H 


V 




HI 

LO 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


B 


0000 





NOP 


DJNZJ 


JRNZ,j 


JRNC.j 


LDg,s 


* 1 


ADDA 

,s 


SUBs 


ANDs 


ORs 


RETf 





c 


0001 


1 


LD WW, mn 


POPzz 


1 


D 


0010 


2 


LD(ww),A 


LD (mn; 
,HL 


LD (mn) 
,A 


JPf, mn 


2 


JP mn 


Oi;T(m)|EX(SP) 
,A 1 .HL 


Dl 


3 


E 


0011 


3 


INC WW 


H 


0100 


4 


INCg 


*1 


CALLf,mn 


4 


L 


0101 


5 


DECg 


* 1 


PUSHzz 


5 


(HL) 


0110 


6 


LDg.m 


*1 


Note 2 


HALT 










ADDA,m|SUBfn| ANDm ORm 


6 


A 


0111 


7 


RLCA 


RLA 


DAA 


SCF 






*2 


*2 


*2 


*2 


RSTv 


7 


B 


1000 


8 


EXAF.AF 


JRi 


JRZ.I 


JRC,j 


LDg,s 


ADC A 

,s 


SBC A 
,s 


XORs 


CPs 


RETf 


8 


C 


1001 


9 


ADDHLww 


RET 


EXX 


JP(HL)|LDSP, 
1 HL 


9 


D 


1010 


A 


LDA, (WW) 


LDHU 
(mn) 


LDA. 
(mn) 


JPf, mn 


A 


E 


1011 


B 


DEC WW 


Table2 INA,(m)EXDE,HLi El 


B 


H 


1100 


C 


INCq 


CALLf,mn 


C 


L 


1101 


D 


DECq 


CALLmn 


*3 


Tables 


*3 


D 


(HL) 


1110 


E 


LDg.m 


* 2 


*2 


* 2 


*2 


*2 


ADCA,m 


^BCA,m 


XORm 


CPm 


E 


A 


1111 


F 


RRCA 


RRA 


CPL 


CCF 












RSTv 


F 







1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




C 


E 


L 


A 


C 


E 


L 


A 




Z 


C 


PE 


M 


f 


g(LO = 8toF) 


08H 


18H 


28H 


38H 


V 








LO = 8toF 





1. g is replaced by (HL). 

2. s is replaced by (HL). 

3. Appending DD to the beginning of an op code (DD XX) in an Instruction that has HL or (HL) in its operand produces the 
same operation as the original format with the following replacements: 

HL replaced by IX 

(HL) replaced by (IX + d) 

Example: 

22H ; LD (mn), HL ^ DDH 22H ; LD (mn), IX 

Similarly, appending FD to the beginning of an op code (FD XX) in an instruction that has HL or (HL) in its operand 
produces the same operation as the original format with the following replacements: 

HL replaced by lY 

(HL) replaced by (lY + d) 

Example: 

34H ; INC (HL) -> FDH 34H ; INC (lY + d) 

An exception is the JP (HL) instruction (E9H). Appending DDH or FDH to the beginning replaces (HL) with (IX) or (lY). 

If DDH or FDH is appended to the EX DE, HL instruction (EBH), an undefined instruction results, without replacement of 
HL 



Tkble 4 Op Code Map (2) 

Second op code 
Instruction fonnat: CBXX 



















b (LO = 0to7) 























2 


4 


6 





2 


4 


6 





2 


4 


6 










HI 


UUUU 


UIHJ 1 


UU lU 


UUi 1 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 








LU 




A 

u 


1 




c 


o 
o 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 






D 


uuuu 


A 




































A 
U 




p 


UUUl 


i 
1 


































4 

1 




n 
U 


00 10 


2 


































A 

2 




c 

c 


00 1! 


3 


































A 
O 




U 

n 


OiOO 


4 


PI P A 


PI A 


Ql A A 






BITb.g 






RESb.g 






SETb,g 




4 




1 

L 


OlOl 


5 


































5 




(ML) 


Olio 


A 

6 


^ 1 


^ 1 


^ 1 






* 


1 








1 






* 


1 




A 

6 


1 

< 


A 

A 


0111 


7 
















7 


il 


D 


1000 


8 


































8 




P 
w 


1001 


n 

y 


































A 

y 




D 


1010 


A 


































A 




E 


1011 


B 


































B 




H 


1100 


c 


RRCg 


RRg 


SRAg 


SRLg 




BITb.g 






RESb.g 






SETb.g 




C 




L 


1101 


D 
































D 




(HL) 


1110 


E 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


E 




A 


1111 


F 
















F 













1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 




















1 


3 


5 


7 


1 


3 


5 


7 


1 


3 


5 


7 






























b(LO = 


8toF) 















Note: If DDH is appended to the beginning of the op code, the instruction is executed by the op code DD CB d XX, replacing (HL) 
with (IX + d). Similarly, if FDH is appended to the beginning of the op code, the instruction is executed by the op code FD CB 
d XX, replacing (HL) with (lY + d). 



Table 5 Op Code Map (3) 



> 

3 



Second op code 
Instruction format: ED XX 



|5 



> 



LO 



0000 



0001 



0010 



0011 



0100 



0101 



0110 



0111 



1000 



1001 



1010 



1011 



1100 



1101 



1110 



1111 



HI 



ww(LO = ALL) 



BC DE HL SP 



0000 



0001 



1 



0010 



g(LO = 0to7) 



0011 



INO g. (m) 



OUT0(m),g 



TSTg 



mm NEG 



INO g. (m) 



OUT0(m).g 



TSTg 



B 



0100 



0101 



0110 



0111 



1000 1001 1010 1011 1100 1101 1110 1111 



8 



OUT(C).g 



SBC HL.ww 



RETN 



IMO 



LP (mn).v 



iTSTMlTSTIOm " 



OTIM OTIMR 



LDI 



CP! 



OUTI 



B 



LDIR 



CPIR 



INIR 



OTIR 



D 



IM1 



LDI,ALDA,I RRD 



SLP 



iNg.(C) 



OUT(C).g 



ADCHL.WW 



LDww, (mn) 



MLTww 



RETI 



LDR,ALDA.R 



LDD 



CPD 



IND 



OTDM lOTDMR OUTD OTDR 



LDDR 



CPDR 



INDR 



IM2 



g(LO = 8toF) 



RLD 



TTT 



CO 
00 



CO 
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■ Bus Cycle Conditions 

A hyphen in the Address column indicates that address output is undefined. A **Z" in the Data 
column indicates that the data pin is at high impedance. 



Machine 



Instruction 


Cycie 


states 


Address 


Data 


RD WR 


ME 


IDE 


LIR 


HALT ST 


Ann Ml \Ai\Ai 

r^UU nL.| WW 


IVlVx<j 


'1 '2'3 


1 SI Up'CUQo 

address 


1 et 

op-code 





1 


u 


1 


u 


1 







KMC 

Mkj2 10 

MC3 


TSTiTlT! 
II 11 iMI 




7 


1 


1 


1 


4 

1 


4 

1 


1 


1 


Ann IV t«n«« 
f\uU lA, WW 

ADD lY, yy 


MU-j 


T T T 

'1 "a'a 


1 st op-code 
address 


ist 

op-code 





1 





4 
1 





1 







MP 
IV1O2 


T T T 


iino op-coae 
address 


op-code 





1 


u 


4 
1 


U 


1 


1 




MO3 to 
I^Ce 


II Mil II 




Z 


1 


1 


1 


4 
1 


4 
1 


1 


1 


ADC HL. WW 
SBC HL, WW 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 





1 







MC2 


T1T2T3 


2nd op-code 
aoaress 


2nd 

op-cooe 





1 





1 





1 


1 




hAC^ to 
MC^ 


TiTiTiTi 




Z 


i 

1 


i 
1 


1 


1 


1 


4 

1 


4 

1 


ADDA, g 
ADCA.g 




T1T2T3 


1st op-code 
address 


1st 

op-code 





1 





1 





1 





SUB 9 

SBC A. g 

ANDg 

ORg 

XORg 

CPg 


MC2 


n 




Z 


1 


1 


1 


1 


1 


1 


1 


ADD A, m 
ADC A, m 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 





1 





1 





1 





SUBm 
SBC A, m 
ANDm 
OR m 
XORm 
CPm 


MC2 


T1T2T3 


2nd operand 
address 


2nd 

op-code 





1 





1 


1 


1 


1 



HITACHI 

864 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD648180W 




Machine 












Instruction 


Cycle 


States 


Address 


Data 


RD WR ME 


lOE LIR HALT ST 


Ann A /ui \ 




XXX 

»1'2'3 


1 St op-code 


1st 


1 


10 1 


ADC A. (HL) 




address 


op-code 






SUB (HL) 
SBC A, (HL) 


MC2 


T1T2T3 


HL 


Data 


1 


111 1 



AND (HL) 
OR (HL) 
XOR (HL) 
CP (HL) 



ADD A, (IX + d) 
ADD A. (lY + d) 


MCi 


TiTpTo 

1 c. 


1 St op-code 
address 


1st 

op-code 





1 


1 





1 





ADC A, (IX + d) 
ADC A, (lY + d) 
SUB (IX + d) 
SUB (lY + d) 
SBC A, (IX + d) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 


1 





1 


1 


MC3 


TiT,T, 

1 c. 


1 St operand 
address 


d 





1 


1 


1 


1 


1 


SBC A, (lY+d) 
AND (IX + d) 
AND (lY+d) 
OR (IX + d) 
OR (lY+d) 
AVJri ^lA + 0) 
XOR (lY + d) 
CP (IX + d) 
CP (lY + d) 


MC4to 
MC5 


Till 




Z 


1 


1 


1 1 


1 


1 


1 


MCe 


T1T2T3 


IX + d 
lY + d 


Data 





1 


1 


1 


1 


1 


BIT b.g 


MC^ 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 


1 





1 







MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 


1 





1 


1 


BIT b, (HL) 


MCi 


T1T2T3 


1 st op-code 
address 


1st 

op-code 





1 


1 





1 







MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 


1 





1 


1 




MC3 


T1T2T3 


HL 


Data 





1 


1 


1 


1 


1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


BIT b, (IX + d) 
BIT b, (lY + d) 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 










1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 










1 


1 1 




MC3 


T1T2T3 


1st operand 
address 


d 










1 1 


1 1 




MC4 


T1T2T3 


3rd op-code 
address 


3rd 

op-code 










1 


1 1 




MC5 


T1T2T3 


IX + d 
lY+d 


Data 










1 1 


1 1 


CALL mn 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 










1 


1 




MC2 


T1T2T3 


1 St operand 
address 


n 


u 







1 1 


1 1 




MC3 


T1T2T3 


2nd operand 
address 


m 










1 1 


1 1 




MC4 


Ti 




Z 


1 




1 


1 1 


1 1 




MC5 


T1T2T3 


SP-1 


PCH 


1 







1 1 


1 1 




MCe 


T1T2T3 


SP~2 


PCL 


1 







1 1 


1 1 


CALLf, mn 
(If condition 


MC, 


T1T2T3 


1st op-code 
address 


1st 

op-code 










1 


1 


is false) 


MC2 


T1T2T3 


1st operand 
address 


n 










1 1 


1 1 


CALL f. mn 
(If condition 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 










1 


1 


is false) 


MC2 


T1T2T3 


1st operand 
address 


n 


u 







1 1 


1 1 




MC3 


T1T2T3 


2nd operand 
address 


m 










1 1 


1 1 




MC4 


Ti 




Z 


1 




1 


1 1 


1 1 




MC5 


T1T2T3 


SP-1 


PCH 


1 








1 1 


1 1 




MCe 


T1T2T3 


SP-2 


PCL 


1 








1 1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RU WR 


Mc 


IOC 1 ID 

lUc LIH 


LI A 1 T OT 

MALT bT 


CCF 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 


V^i 1 

CPD 




T T 
M '2'3 


i SI op-coue 
address 


I SI 

op-code 


U 1 


U 


1 u 


1 u 






T T T 


ciuQ up-uuoe 

address 


op-code 


U 1 


u 


1 u 


1 1 






M '2'3 


Ml 
riL 


uaia 


U 1 


U 


1 1 


1 1 




MC4 to 
MP 


TiTiTi 




z 


1 1 


1 


1 1 


1 1 


V/l III 

CPDR 

(If BCR ^ and 
Ar^(HLy 




T T T 


1 SI op-coae 
address 


1 si 

Op-code 


U 1 


U 


1 U 


1 u 


MP 


T T T 


^lia Up'OOQ6 

address 


op-code 


u 1 


u 


1 u 


1 1 




MP 


T T T 
M •2'3 


Mi 

rlL 


uaia 


u 1 


U 


1 1 


1 1 




MC4 to 

MP 
ML/3 


TiTiTiTiTi 




z 


1 1 


1 


1 1 


1 1 


v/i in 

CPDR 

(If BCR = or 
Ar=(HL)M) 




T T T 
•1 '2'3 


1 SI op-cooe 
address 


1 Sl 

Op-code 


U 1 


U 


t n 


1 U 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 






T T T 

M '2'3 


Ui 

nL 


Data 


U 1 


U 


1 1 


1 1 




MC4 to 
MCe 


TiTiTiTiTi 




z 


1 1 


1 


1 1 


1 1 


ppi 


MP 


T T T 
'1 '2»3 


1 SI op-coue 
address 


1 SI 

op-code 


u 1 


u 


1 u 


1 U 




MP 
ML/1 


T T T 
•1 '2'3 


1 SI op-coae 
address 


1 SI 

Op-code 


u 1 


U 


1 u 


1 U 




MC2 


Ti 




Z 


1 1 


1 


1 1 


1 1 


D|Note 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 



Note: Interrupts are not detected at the end of the Dl instruction. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 8 67 



HD648180W 



Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


DJNZ J 
(If Br*0) 




T "f* "T" 

T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 









Ti*1 
II ' 




y 


1 


1 




1 1 


1 


1 




MC3 


T1T2T3 


1st operand 
address 


j-2 










1 1 




1 




MP tr» 
lvlVi/4 10 

MC5 


TlTi 
1 1 II 




L. 


1 




1 


i 1 
1 1 




1 


UJlMZ. J 

(If Br = 0) 




T T T 

h '2>3 


1 St op-code 
address 


iSt 

Op-code 







u 


1 









MP 


Ti*1 
1 1 ' 




"7 


1 


1 


1 


1 1 


1 


1 




MC3 


T1T2T3 


1st operand 
address 


j-2 










1 1 




1 






T1T2T3 


1st op-code 
address 


1st 

op-code 










1 







cv rsfn III 
tX Ut, HL 

EXX 




T T T" 


1 st op-code 
address 


1st 

op-code 










1 







PY AP AP' 
CA Mr, Mr 


MP 


T T T 


1 si op-cooe 
address 


1 ST 

op-code 







u 


1 U 









MC2 


71 




Z 


1 


1 


1 


1 1 


1 


1 


EX (SP), HL 


MC, 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 







MC2 


T1T2T3 


SP 


Data 


















MC3 


T1T2T3 


SP + 1 


Data 


















MC4 


Ti 




Z 


1 




1 










MC5 


T1T2T3 


SP + 1 


H 


1 


















T1T2T3 


SP 


L 


1 















Notes: 1 . Immediately after this state, DMA, refresh, and bus release cannot be executed. Any 
such requests are ignored. 
2. Interrupts are not detected at the end of the El instruction. 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


EX (SP), IX 
EX (SP), lY 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 





1 


1 1 




MC3 


T1T2T3 


SP 


Data 





1 





1 1 


1 1 




MC4 


T1T2T3 


SP + 1 


Data 





1 





1 1 


1 1 




MC5 


Ti 




Z 


1 


1 


1 


1 1 


1 1 




MCg 


T1T2T3 


SP-h 1 


IXH 
lYH 


1 


n 
\j 





1 1 


1 1 




MC7 


T1T2T3 


SP 


IXL 
lYL 


1 


n 





1 1 


1 1 


HALT 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


n 







1 


1 




— 


— 


Next op-code Next 
address op-code 










1 





IMO 
IM 1 
IM2 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


U 







1 


1 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 










1 


1 1 


INCg 
DECg 


MCi 


T1T2T3 


1 st op-code 
address 


1st 

op-code 





1 





1 


1 




MC2 


Ti 




Z 


1 




1 


1 1 


1 1 


INC (HL) 

/III \ 

DEC (HL) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 










1 


1 




MC2 


T1T2T3 


HL 


Data 










1 1 


1 1 




MC3 


Ti 




Z 


1 




1 


1 1 


1 1 




MC4 


TiTpTo 

1 id. 


HL 


Data 


1 




1 


1 1 


1 1 


INC(IX + d) 
INC(IY + d) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 










1 


1 


DEC (IX + d) 
DEC(IY+d) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 










1 


1 1 




MC3 


Ti 


1st operand 
address 


d 










1 1 


1 1 
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Machine 



Incf rijf^f inn 




WICI109 




Data 


RD WR 


ME 


lOE LIR 


HALT ST 


INC (IX + d) 
INC (lY + d) 


MC4 to 

MC5 


TiTi 




z 


1 1 


1 


1 1 


1 1 


DEC (IX + d) 
DEC(IY+d) 




M ■2'3 


lA + U 

lY+d 


Rata 


n 1 




1 1 
1 1 


1 1 




MC7 






z 


1 1 


1 


1 1 


1 1 




MCe 


TiToTq 

• 1 ' <e: " 


IX + d 
lY+d 


Data 


1 





1 1 


1 1 


INC WW 
DEC WW 


MC^ 


' 1 '2 '3 


1 st oD-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


Ti 




z 


1 1 


1 


1 1 


1 1 


INC IX 
INC lY 


MCi 


■ 1 ' 2 ' 3 


1 st OD-code 
address 


1st 

op-code 


1 





1 


1 


DEC IX 
INC lY 


MC2 


'1 ' 2 ' 3 


Pnd on-r:odp 
address 


2nd 

op-code 


1 





1 


1 1 






TI 
1 i 




7 


1 1 


i 

1 


1 1 


1 1 

1 1 


IN A. (m) 


MCi 


T1T2T3 


1st op-code 


1st 

op-coue 


1 





1 


1 




MC2 


T1T2T3 


1 St operand 
address 


m 


1 





1 1 


1 1 




MC3 


T1T2T3 


m to A0-A7 
A to Ao—Am c 


Data 


1 


1 


1 


1 1 


IN a (C) 


MC-, 


■ 1 " 2 ' 3 


1 st OD-code 
address 


1st 

op-code 


1 





1 


1 






" 1 '2'3 


criu up-uuu6 

address 


cllU 

op-code 


n 1 

KJ 1 


n 
u 


1 n 
1 u 


1 1 
1 1 




MCo 


' 1 '2 '3 


BC 


Data 


1 


•j 


1 


1 1 


INOg, (m) 


MC, 


T1T2T3 


1 st op-code 
address 


1st 

OD-code 


1 





1 


1 




MC2 


• 1 ' 2 '3 


address 


Pnd 

op-code 


1 





1 n 


1 1 

1 1 




MC3 


T1T2T3 


1 st operand 
address 


m 


1 





1 1 


1 1 




MC4 


T1T2T3 


m to A0-A7 


Data 


1 


1 


1 


1 1 



OOH to 
A8-A15 
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Machine 



Instruction 


CyclG 


States 


Addrfiss 


Ddta 


RD WR 


ME 


lOE LIR 


HALT ST 


INI 
IND 


MC^ 


•1 '2 '3 


1 st oD-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


BC 


Data 


1 


1 


1 


1 1 




1VIV-/4 


» 1 •2'3 


Ml 
riL. 


Rata 


1 n 


n 
\j 


1 1 


1 1 


INIR 
INDR 


MCi 


' 1 ' 2 " 3 


1 st oD-code 
address 


1st 

op-code 


1 





1 


1 


(If Br^tO) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


BC 


Data 


1 


1 


1 


1 1 






'1 '2 '3 


HL 


Data 


1 





-j 1 


1 1 




MC5 to 
ML/5 


TiTi 




Z 


1 1 


1 


1 1 


1 1 


INIR 
INDR 


MC^ 


• 1 '2 '3 


address 


1st 

op-code 


1 





1 


1 


(If Br = 0) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


BC 


Data 


1 


1 


1 


1 1 




MP 


T T T 
'1 '2'3 


Ml 
nL 


uaia 


1 u 


u 


1 1 


1 1 


JP mn 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


1st operand 

ClviUI C^OO 


n 


1 





1 1 


1 1 




MC3 


T1T2T3 


2nd operand 
address 


m 


1 





1 1 


1 1 


JPf, mn 
(If f is false) 


MCi 


T1T2T3 


1 st op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


1 st operand 
address 


n 


1 





1 1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


JPf, mn 
(If is true) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


1 St operand 


n 


1 





1 1 


1 1 




MC3 


T1T2T3 


2nd operand 

ciV4\j 1 coo 


m 


1 


1 


1 1 


1 1 


JP (HL) 


MCi 


T1T2T3 


1 St op-code 

QVJU 1 COO 


1st 

nn-podp 


1 





1 


1 


JP (IX) 
JP (W) 


MCi 


T1T2T3 


1st op-code 

addrp*^^ 

nvi V4 1 c? 


1st 

oD-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 


JRj 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


1 St operand 

ClVJUi C300 


j-2 


1 





1 1 


1 1 




MC3 to 
MC4 


TlTl 




Z 


1 1 


1 


1 1 


1 1 


JR C, j JR NC. j 
JR Z, j JR NZ, j 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 


(If condition 
is false) 


MC2 


T1T2T3 


1 St operand 
address 


j-2 


1 





1 1 


1 1 


JR CjJR NC,j 
JR Z. j JR NZ, j 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 


1 


(If condition 
is true) 


MC2 


T1T2T3 


1 St operand 
address 




1 





1 1 


1 1 




MC3 to 
MC4 


TlTi 




Z 


1 1 


1 


1 1 


1 1 


ID a a' 




'1 '2'3 


1 st OD-rode 
address 


1st 

op-code 


1 





1 


1 




MC2 


Tl 




z 


1 1 


1 


1 1 


1 1 


LD g, m 


MCi 


T1T2T3 


1st op-code 
address 

MVIV4I \700 


1st 

oD-code 


1 





1 


1 




MC2 


T1T2T3 


1st operand 
address 


m 


1 





1 1 


1 1 


LD g. (HL) 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


HL 


Data 


1 





1 1 


... . , 

1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR HALT ST 


LD g, (iX + d) 
LD g, (lY + d) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





10 1 1 




MC3 


T1T2T3 


1st operand 
address 


d 


1 





111 1 




MC4 to 
MC5 


TiTi 




Z 


1 1 


1 


111 1 






T1T2T3 


IX + d 
lY + d 


Data 


1 





4 4 4 4 
111 1 


LD (HL).g 




T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


Ti 




Z 


1 1 


1 


111 1 




MC3 


T1T2T3 


HL 


9 


1 





111 1 


LD (IX + d).g 
LD {IY + d),g 


MC, 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 1 1 




MC3 


T1T2T3 


1 st operand 
address 


d 


1 





111 1 




MC4to 
MCe 


TiTiTi 




Z 


1 1 


1 


111 1 




IWIC7 


T1T2T3 


IX + d 
lY + d 


9 


1 





111 1 


LD (HL), m 




T T T 


1 st op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


T1T2T3 


1 st operand 
address 


m 


1 





111 1 




MC3 


T1T2T3 


HL 


Data 


1 





111 1 


LD (IX + d), m 
LD (lY + d), m 


MCi 


T1T2T3 


1 st op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





10 1 1 




MC3 


T1T2T3 


1 st operand 
address 


d 


1 





111 1 




MC4 


T1T2T3 


2nd operand 
address 


m 


1 





111 1 




MC5 


T1T2T3 


IX + d 
lY + d 


Data 


1 





111 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


LD A, (BC) 
LD A, (DE) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


BC 
DE 


Data 


1 





1 1 


1 1 


LD A. (mn) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T* T" T 


1 St operand 
address 


n 


1 





1 1 


1 1 




MC3 


T T T 


2nd operand 
address 


m 


1 





1 1 


4 4 

1 1 




MC4 


T1T2T3 


mn 


Data 


1 1 


1 


1 1 


1 1 


LU (dO), a 
LD (DE). A 




TXT 

'1 '2'3 


1 St op-code 
address 


1st 

op-code 


1 





1 


I 




MG2 


Ti 




z 


1 1 


1 


1 1 


1 1 




MC3 


T1T2T3 


BC 
DE 


A 


1 





1 1 


1 1 


LD (mn), A 


MCi 


T1T2T3 


1 St op-code 
aoaress 


1st 

op-coo e 


1 





1 


1 






T T T 


1 Si operano 
address 


n 


U 1 


u 


1 1 


1 1 




MC3 


T1T2T3 


2nd op-code 
address 


m 


1 





1 1 


1 1 




MC4 


Ti 


— 


Z 


1 1 


1 


1 1 


1 1 




MC5 


TT "T* T 

T1T2T3 


mn 


A 


1 





1 1 


1 1 


LD A, iNote 
LU A, Ri^oie 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 


LD 1. A 
LD R, A 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 


LD WW, mn 


MCi 


T,T2T3 


1st op-code 
auoress 


1st 

op-coo e 


1 





1 


1 




MC2 


T,T2T3 


1st operand 
address 


n 


1 





1 1 


1 1 




MC3 


T1T2T3 


2nd op-code 
address 


m 


1 





1 1 


1 1 



Note: Interrutps are not detected at the end of the LD A, I or LD A, R instruction. 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR HALT ST 


LD IX, mn 
LD lY, mn 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





10 1 1 




MC3 


T1T2T3 


1 St operand 
address 


n 


1 





111 1 




MC4 


T1T2T3 


2nd operand 
address 


m 


1 





111 1 


LD HL, (mn) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


T1T2T3 


1 st operand 
pddrefifi 

OVIVI I vJ 


n 


1 





111 1 




MC3 


T1T2T3 


2nd operand 

address 


m 


1 





111 1 




MC4 


T1T2T3 


mn 


Data 


1 





111 1 




MC5 


T1T2T3 


mn + 1 


Data 


1 





111 1 


LD WW, (mn) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





10 1 1 




MC3 


T1T2T3 


1 St operand 


n 


1 





111 1 




MC4 


T1T2T3 


2nd operand 

/4 e 

cluursos 


m 


1 





111 1 




MC5 


T1T2T3 


mn 


Data 


1 





111 1 




MCe 


T1T2T3 


mn + 1 


Data 


1 





111 1 


LD IX, (mn) 
LD lY (mn) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





10 1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





10 1 1 




MC3 


T1T2T3 


1 St operand 
address 


n 


1 





111 1 




MC4 


T1T2T3 


2nd operand 
address 


m 


1 





111 1 




MC5 


T1T2T3 


mn 


Data 


1 





111 1 




MCe 


T1T2T3 


mn + 1 


Data 


1 





111 1 
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Machine 



Instruction 


Cycl6 


StatGS 


Auaress 


Datd 


RD WR 


ftjc 101= 


1 ID 
L.lrl 


MAI T QT 
nAL.i 01 


LD (mn), HL 




T1T2T3 


1 St op-code 


1st 







1 





1 






' 1 ■2'3 


1 01 \JVJ%>I Cll t\J 

address 









1 


1 






MC3 


T1T2T3 


2nd operand 
address 


m 







1 


1 


1 1 




MC4 


71 




Z 


1 




1 1 


1 






MC5 


T1T2T3 


mn 


L 


1 




1 


1 






ML/6 


T T T 


mn + 1 


u 
n 


1 




u 1 


1 




LD (mn), ww 




T1T2T3 


1 st op-code 
auoreos 


1st 

op-cuoe 







1 





1 




MC2 


T1T2T3 


2nd op-code 
address 

wC V K4 i www 


2nd 

oD-code 

w wwww 







1 





1 1 




1VIV-/3 


•1 '2 '3 


1 onprand 
address 


PI 







1 


1 






MC4 


T1T2T3 


2nd operand 
address 


m 







1 


1 


1 1 




MC5 


71 




Z 


1 




1 1 


1 






MCe 


T1T2T3 


mn 


wwL 


1 




1 


1 








T T T 


mn + 1 


wwH 


1 




n 1 
U 1 


•4 

1 




LD (mn), IX 

1 n (mn\ lY 

L.L/ ^1 1 Illy , 11 


MCi 


T1T2T3 


1st op-code 

dvJvii c#oo 


1st 







1 





1 




MC2 


T1T2T3 


2nd op-code 

wIvlVJI vww 


2nd 

on-pode 







1 





1 1 






•1 ' 2 ' 3 


1 onemnd 

1 01 yji^sji Cll ivi 

address 







1 


1 


1 








T T T 
M '2'3 


^liU uperaiiu 

address 


m 





' 


n 1 


1 






IT! 


Ti 




z 


1 




1 1 


1 








T1T2T3 


mn 


IXL 
lYL 


1 





1 


1 






MC7 


T1T2T3 


mn + 1 


IXH 
lYH 


1 





1 


1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


LD SP, HL 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 





1 





1 


1 




MCg 


Ti 




Z 


1 


1 


1 


1 


1 1 


LD SP IX 
LD SP lY 


MC, 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 





1 


1 1 




MC3 


Tl 





Z 


1 


1 


1 


1 1 


1 1 


LDI 
LDD 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 





1 


1 1 




MC3 


T1T2T3 


HL 


Data 





1 





1 1 


1 1 




MC4 


T1T2T3 


DE 


Data 


1 








1 1 


1 1 


LDIR 
LDDR 


MCi 


■'"1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 


(If BCR ^ 0) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 





1 


1 1 




MC3 


T1T2T3 


HL 


Data 





1 





1 1 


1 1 




MC4 


T1T2T3 


DE 


Data 


1 








1 1 


1 1 




MC5 to 


TiTi 




Z 


1 


1 


1 


1 1 


1 1 


LDIR 
LDDR 




T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 


(If BCR = 0) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 





1 


1 1 




MC3 


T1T2T3 


HL 


Data 





1 





1 1 


1 1 




MC4 


T1T2T3 


DE 


Data 


1 








1 1 


1 1 


MLT WW 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 





1 


1 1 




MC3to 


TiTiTiTi 




Z 


1 


1 


1 


1 1 


1 1 



MC13 TiTiTiTi 
TiTiTi 
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HD648180W 



Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


iOE LIR 


HALT ST 


IN do 


MP 


T T T 
M '2'3 


address 


1 bl 

op-code 


U 1 


n 
u 


1 n 






IVIvy2 


" 1 '2'3 


i^lIU up UUUc; 

address 


op-code 


U 1 


n 
u 


1 n 


1 1 


NOP 




■ 1 ■2'3 


address 


1st 

op-code 


1 





1 


1 


OUT (m), A 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 






T1T2T3 


1 St operand 
address 


m 


1 





1 1 


1 1 




MC3 


Ti 




Z 


1 1 


1 


1 1 


1 1 




IVIW^ 


T.ToTo 


m to Am— A-. 
Ato Aq-A^s 


A 


1 


1 


1 


1 1 


OUT (C), g 




T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


Ti 




Z 


1 1 


1 


1 1 


1 1 




MC4 


T1T2T3 


BC 


g 


1 


1 


1 


1 1 


OUTO (m) a 


MC^ 


T^ToTo 
'1 '2'3 


address 


1st 

op-code 


1 





1 


1 n 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


1 St operand 
address 


m 


1 





1 1 


1 1 




MC4 


Ti 




Z 


1 1 


1 


1 1 


1 1 




MC5 


T1T2T3 


m to Ao-Ay 
OOHto 


g 


1 


1 


1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


ICE 


LIR 


HALT ST 


OTIM 
OTDM 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 





1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 










1 1 




MC3 


Tl 


— 


Z 


1 1 


1 


1 


1 


1 1 




MC4 


T1T2T3 


HL 


Data 


1 







1 


1 1 




MC5 


T1T2T3 


C to A0-A7 
OOH to 
A8-A15 


Data 


1 


1 




1 


1 1 






Ti 


— - 


Z 


1 1 


1 


1 


1 


1 1 


OTIMR 
OTDMR 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 





1 


(If Br^O) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 










1 1 




MC3 


Tl 




Z 


1 1 


1 




1 


1 1 




MC4 


1 d o 


HL 


Data 


1 







1 


1 1 




MC5 


T1T2T3 


C to A0-A7 
OOH to 
Ae-Ais 


Data 


1 


1 




1 


1 1 




MCr to 


TiTiTi 




Z 


1 1 


1 




1 


1 1 


OTIMR 
OTDMR 


MCi 


T1T2T3 


1 st op-code 
address 


1st 

op-code 


1 





1 





1 


(If Br = 0) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 










1 1 




MC3 


Tl 


— • 


Z 


1 1 


1 


1 


1 


1 1 




MC4 


T1T2T3 


HL 


Data 


1 







1 


1 1 




MC5 


T1T2T3 


C to A0-A7 
OOH to 
A8-A15 


Data 


1 


1 





1 


1 1 




MCg to 


Tl 




Z 


1 1 


1 


1 


1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


OUTI 
OUTD 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MCa 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


HL 


Data 


1 





1 1 


1 1 




MC4 


T1T2T3 


BC 


Data 


1 


1 


1 


1 1 


OTIR 
OTDR 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 


(If Br^tO) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


HL 


Data 


1 





1 1 


1 1 




MC4 


T1T2T3 


BC 


Data 


1 


1 


1 


1 1 




MCsto 


TiTi 




Z 


1 1 


1 


1 1 


1 1 


OTIR 
OTDR 




T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 


(If Br = 0) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


HL 


Data 


1 





1 1 


1 1 




MC4 


T1T2T3 


BC 


Data 


1 


1 


1 


1 1 


POP zz 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 


1 




MCg 


T1T2T3 


SP 


Data 


1 





1 1 


1 1 




MC3 


T1T2T3 


SP + 1 


Data 


1 





1 1 


1 1 


POP IX 
rUr IT 


MC, 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


SP 


Data 


1 





1 1 


1 1 




MC4 


T1T2T3 


SP + 1 


Data 


1 





1 1 


1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


PUSH zz 


MCi 


T1T2T3 


1 St op-code 
aaaross 


1st 

op-code 





1 





1 


1 




MC2 to 

MC3 


TiTi 




Z 


1 


1 


1 


1 1 


1 1 




MC4 


T1T2T3 


SP-1 


zzH 


1 








1 1 


1 1 




MCs 


T1T2T3 


SP-1 


zzL 


1 








1 1 


1 1 


PUSH IX 
PUSH lY 


MCl 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 





1 





1 


1 1 




MCato 
MC4 


TiTi 




Z 


1 


1 


1 


1 1 


1 1 




MC5 


T1T2T3 


SP-1 


IXH 
lYH 


1 








1 1 


1 1 




MCe 


T1T2T3 


SP-2 


IXL 
lYL 


1 








1 1 


1 1 


RET 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 





1 





1 


1 




MC2 


T1T2T3 


SP 


Data 





^ 





1 1 


1 1 




MC3 


T1T2T3 


SP + 2 


Data 










1 1 


1 1 


RETf 

(If condition 


MCi 


T1T2T3 


1 st op-code 
address 


1st 

op-code 





1 





1 


1 


is faiss) 


MCgto 

MC3 


TiTi 


— 


Z 


1 




1 


1 1 


1 1 


RETf 

(If condition 


IVIv/-^ 


'1 '2'3 


address 


1 

1 ol 

op-code 









1 n 


1 n 


is true) 


MC2 


Tl 




Z 


1 




1 


1 1 


1 1 




MC3 


T1T2T3 


SP 


Data 










1 1 


1 1 




MC4 


T1T2T3 


SP + 1 


Data 










1 1 


1 1 
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Machine 



Instruction 


Cycie 


States 


Address 


Data 


RD WR 


ME 


lOE LIR HALT 


ST 


RETi(R1) 
RETN 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 1 







MCa 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 1 


1 




MC3 


T1T2T3 


SP 


Data 


1 





1 1 1 


1 




MC4 


T1T2T3 


SP + 1 


Data 


1 





1 1 1 




RETI (Z) 


UCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





QNote 
1 1 1 






MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





QNote 
1 1 1 






IWlCgtO 
MC5 


TlTlTi 




Z 


1 1 


1 


•|Note 
1 1 1 






MCe 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





QNote 
1 1 






MC7 


Tl 




Z 


1 1 


1 


-{Note 
1 1 1 






MCb 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





QNote 
1 1 






MCg 


T1T2T3 


SP 


Data 


1 





-jNote 
1 1 1 


1 




MC10 


T1T2T3 


SP + 1 


Data 


1 





^ Note 

1 1 1 




RLCA 
RLA 
RRCA 
RRA 




T T T 


1 St op-code 
address 


1st 

op-code 


1 





1 1 





RLCg 
RLg 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 1 





RRCg 

RRg 

SLAg 

SRAg 

SRLg 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 1 


1 


MC3 


Ti 




Z 


1 1 


1 


1 1 1 


1 



Note: Upper value is LIR status when LIRE = 1 . Lower value is LIR status when LIRE = 0. 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOE LIR 


HALT ST 


RLC (HL) 

Di /Ull \ 

ML [nL) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 


RRC (HL) 
RR (HL) 
SLA (HL) 
SRA (HL) 


MC2 


T T" T 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 


MU3 


'1 '2'3 


Mi 
riL 


XJala. 


n 1 
u 1 


u 


1 1 




SRL (HL) 


MC4 


Ti 




z 


1 1 


1 


1 1 


1 1 




MC5 


T1T2T3 


HL 


Data 


1 





1 1 




RLC (IX + d) 
RLC (lY + d) 
RL (IX + d) 
RL (lY + d) 
RRC (IX + d) 
RRC (lY + d) 
RR (IX + d) 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 


- — — 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 




MC3 


T1T2T3 


1 St operand 
address 


d 


1 





1 1 




RR (lY+d) 
SLA (IX + d) 
SLA (lY + d) 
SRA(IX + d) 
SRA (lY + d) 


MC4 


T1T2T3 


3rd op-code 
address 


3rd 

op-code 


1 





1 




MC5 


T1T2T3 


IX + d 
lY + d 


Data 


1 





1 1 




SRL (IX + d) 
SRL (lY + d) 


MCe 


Ti 




Z 


1 1 


1 


1 1 




MC7 


T1T2T3 


IX + d 
lY + d 


Data 


1 





1 1 




RLD 
RRD 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 






MC3 


T1T2T3 


HL 


Data 


1 





1 1 






MC4 to 
MC7 


TiTiTiTi 




Z 


1 1 


1 


1 1 





MCg T1T2T3 HL Data 10 111 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


iOE LIR 


HALT ST 


RSTv 




T,T2T3 


1 St op-code 


1st 


1 





1 


1 




MC2 to 

MCn 

ivivy3 


Till 




z 


1 1 


1 


1 1 


1 1 




MC4 


T1T2T3 


SP-1 


PCH 


1 





1 1 


1 1 




MC5 


T1T2T3 


SP-2 


PCL 


1 





1 1 


1 1 


SCF 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 


1 


SETb.g 
RES b, g 


MCi 


T1T2T3 


1st op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 






MC3 


Ti 


— 


Z 


1 1 


1 


1 1 




SET b. (HL) 
RES h (HL\ 


MCi 


T1T2T3 


1 st op-code 


1st 


1 





1 


1 




MC2 


■ 1 ' 2 '3 


2nd OD-code 
address 


2nd 

op-code 


1 





1 








T T.T- 


Ml 




u 1 


u 


1 1 






MC4 


Tl 




z 


1 1 


1 


1 1 


1 1 




MC5 


T1T2T3 


HL 


Data 


1 





1 1 




SET b, (IX + d) 
SET b, (lY + d) 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 


RES b, (IX + d) 
RES b, (lY + d) 


MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 






MC3 


T1T2T3 


1st operand 
address 


d 


1 





1 1 






MC4 


T1T2T3 


3rd op-code 
address 


3rd 

op-code 


1 





1 






MC5 


T1T2T3 


IX + d 
lY + d 


Data 


1 





1 1 






MCe 


Ti 




z 


1 1 


1 


1 1 






MC7 


T1T2T3 


IX + d 
lY + d 


Data 


1 





1 1 
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Machine 



Instruction 


Cycle 


States 


Address 


Data 


RD WR 


ME 


lOc LIR 


LI A 1 T OT 

HALT ST 


SLP 




T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 






T T T 

'1 T2T3 


2nd op-code 
address 


2na 

op-code 


1 


u 


1 u 


4 4 

1 1 








rrrrrn 


■7 


4 4 

1 1 


4 

1 


4 4 

1 1 


1 


TSTIO m 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


1 St operand 
address 


m 


1 





1 1 


1 1 




MC4 


T1T2T3 


C to A0-A7 
OOH to 
A8-A15 


Data 


1 


1 


1 1 


1 1 


TSTg 




T" T T 

T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


11 




z 


4 4 

1 1 


4 

1 


4 4 

1 1 


4 4 

1 1 


TSTm 


MCi 


T1T2T3 


1 St op-code 
address 


1st 

op-code 


1 





1 


1 




MC2 


T1T2T3 


2nd op-code 
address. 


2nd 

op-code 


1 





1 


1 1 




MC3 


T1T2T3 


1 St operand 
address 


m 


1 1 


1 


1 1 


1 1 


TOT /Ul \ 




T1T2T3 


1 st op-code 
address 


1 SI 

op-code 


U 1 


u 


1 u 


1 




MC2 


T1T2T3 


2nd op-code 
address 


2nd 

op-code 


1 





1 


1 1 




MC3 


Ti 




Z 


1 1 


1 


1 1 


1 1 




MC4 


T1T2T3 


HL 


Data 


1 





1 1 


1 1 
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Machine 



II loll Ui#llVll 1 


v^yi#itj 




#^viui coo 


Ddtd 


RD WR 


ME 


lOE LIR HALT ST 


MMI 

1^ IVII 




M '2'3 


address (PC) 







1 





10 1 




MC2to 

MCg 


rm 




Z 


1 


1 


1 


111 1 




MC4 


T1T2T3 


SP-1 


PCH 


1 








1111 






' 1 '2'3 


SP~2 


PCL 


1 










INTq mode 
(RST inserted) 




TiT2Tyv 


Next op-code 1st 
address (PC) op-code 


1 


1 


1 


1 




MCato 
MC3 


TiTi 




Z 


1 


1 


1 


1111 




MC4 


T1T2T3 


SP-1 


PCH 


1 








111 1 




MC5 


T1T2T3 


SP-2 


PCL 


1 








111 1 


INTq mode 
(CALL inserted) 


MCi 


T1T2TW 


Next op-code 1st 
address (PC) op-code 


1 


1 


1 


1 




MC2 


T1T2T3 


PC 


n 





1 





111 1 




MC3 


T1T2T3 


PC+1 


m 





1 









MC4 


Ti 




Z 


1 


1 


1 


111 1 




MC5 


T1T2T3 


SP-1 


PC + 2 (H) 


1 








111 1 




MCe 


T1T2T3 


SP-2 


PC + 2 (L) 


' 








111 1 


INTq mode 1 


MCi 


T1T2TW 


Next op-code 
address (PC) 






1 


1 


10 




MC2 


T1T2T3 


SP- 1 


PCH 


1 








111 1 




MC3 


T1T2T3 


SP + 2 


PCL 


1 








111 1 


INTo mode 2 


MCi 


T1T2TW 


Next op-code vector 
address (PC) 


1 


1 


1 


1 




MC2 


Tl 




Z 




1 


1 


111 1 




MC3 


T1T2T3 


SP-1 


PCH 














MC4 


T1T2T3 


SP-2 


PCL 














MC5 


T1T2T3 


1, vector 


Data 





1 









MCe 


T1T2T3 


1, vector + 1 


Data 





1 
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Machine 



insii uciiori 




Olclloo 


MUUl tJ9cl 


la 


RD WR 


MF inF 1 IR HAI T 


INT- 
INT2. 


MP 


'1 ■2'W 


address (PC) 




1 


1 


1111 n 
1 1 1 1 u 


internal 

intorri intc 
II iitsi 1 U|JlO 


MC2 


Ti 


— 


z 


1 


1 


1111 1 


MC3 


T1T2T3. 


SP-1 


PCH 


1 





111 1 




MC4 


T1T2T3 


SP-2 


PCL 


1 





111 1 




MC5 


T1T2T3 


1, vector 


Data 





1 


111 1 






T1T2T3 


1, vector + 1 


Data 





1 


111 1 
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Acceptable Requests in Each Mode 



Current Status 



Normal Mode 
Action (CPU Mode) Wait Refresh 
Request (lOSTOP Mode) State Cycle 



Interrupt Bus 

Acknowl- DMA Release Sleep Standby 
edgeCyde Cycle Mode Mode Mode 



WRIT Accepted 



Accepted 



Not 

accepted 



Accepted Accepted Not 



Not Not 
accepted accepted 



Refresh 
request 
(request 
for 

insertion 
of refresh 
cycle by 
on-chip 
refresh 
circuit) 



Refresh cycle 
inserted at 
machine cycle 
break 



Not 

accepted 



Not 

accepted 



Refresh 
cycle 

inserted at 
machine 
cycle break 



Refresh Not 
cycle accepted 
inserted at 
machine 
cycle break 



Not Not 
accepted accepted 





DMA cycle 


Accepted, Accepted 


DMA cycle 


Accepted 


Accepted Not Not 


DREQi 


inserted at 


but DMA 


* Follow- 


inserted at 


(Consult 


* Following accepted accepted 




machine cycle 


cycle not 


ing 


machine 


this 


completion 




break 


inserted 


completion 


cycle break 


manual 


of bus 






until 


of refresh 




for full 


release 






machine 


cycle, 1 




details.) 


cycle, 1 






cycle 


machine 






machine 






break 


cycle is 
executed 
and then 
DMA cycle 
is inserted. 






cycle is 
executed 
and then 
DMA cycle 
is inserted. 


SUSREQ Bus 


Not 


Not 


Bus 


Bus 


Bus Accepted Accepted 




release 


accepted accepted 


release 


release 


release 




mode entered 






mode 


mode 


mode 




at machine 






entered at 


entered at continues 




cycle break 






machine 


machine 












cycle break cycle break 



Note: * Not accepted when DREQq and DREQi are set for level detection. 
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Current Status 





Normal Mode 






Interrupt 




Bus 






Action 


(CPU Mode) 


Wait 


Refresh 


Acknowl- 


DMA 


Release 


Sleep 


Standby 


Request 


(lOSTOP Mode) State 


Cycle 


edge Cycle Cycle 


Mode 


Mode 


Mode 




Accepted In 


Accepted 


iNOi 


Not 


Not 


Not 


Accepted, 


Not 


? INT- 


final machine 


in final 


accPDted 

CI V/V/C IVJVJ 


accepted 


accepted 




sleep 






cycle of 


machine 










mode 






instruction 


cycle of 










exited 








instruction 










and 


















normal 


















status 


















recovered 




IntGr- 


Accepted in 


Accepted 


INOl 


Not 


Not 


Not 


Accepted, 


Not 


nal I/O 


final machine 


in final 




accepted 


accepted 




sleep 




inter- 


cycle of 


machine 










mode 




rupt 


instruction 


cycle of 










exited 




request 




instruction 










and 


















normal 


















status 


















recovered 




NMI 


Accepted in 


Accepted 


Not 


Not 


Accepted, Not 


Accepted, 


Accepted, 




final machine 


in final 


accepted 


accepted 


DMA 


accepted 


sleep 


standby 




cycle of 


machine 




♦♦Accepted 


suspend- 




mode 


mode 




instruction 


cycle of 




in final 


ed 




exited 


exited 






instruction 




machine 






and 


and 










cycle of 






normal 


normal 










instruction 






status 


status 










following 






recovered 


recovered. 










completion 








Note 










of acknowl 








that 










edge cycle. 






lOSTOP 



bit 

remains 
set to 1 . 



Note: ** Accepted when INTq is being used in mode 0. The NMI acknowledge cycle begins following 
execution of the instruction placed on the bus. 
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■ Request Priority Sequence 

Three types of requests can be input to the CPU. 

1 . Requests that can be accepted and executed at the end of a state (WAIT) 

2. Requests that can be accepted and executed at the end of a machine cycle (refresh requests, 
DMA requests, BUSREQ) 

3. Requests that can be accepted and executed at the end of an instruction (all interrupts) 

Basically, the priority sequence gives 1 the highest priority, and 3 the lowest. 

Within group 2 above, the descending priority sequence is: 

BUSREQ 
Refresh request 
DMA request 

If a BUSREQ and refresh request are input simultaneously, the BUSREQ is given priority. 

For the priority sequence of the interrupts in group 3 above, see the section of this manual 
that details interrupt operations. 

4. Among requests that are accepted and executed in the final machine cycle of an instruction, 
the descending priority sequence is: 

Bus requests (BUSREQ, refresh request, DMA request) 

Interrupt 



890 



^HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD648180W 



■ Mode Transitions 




Notes: 1. Normal: Normal CPU ins truction execution mode 

2. DMA request: DREQq or DREQ^ = (for memory ^ (memory-mapped) I/O 
transfers) 

DEO = 1 (for Memory <-> Memory transfers) 

3. DMA end: DREGq or DREQi = 1 (for memory <-» (memory-mapped) I/O transfers) 
BCR O and BCR1 = OOOOH (for ail transfer modes) 

NMI = (for all transfer modes) 



^HITACHI 

Hitachi America. Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 891 



HD648180W 

In addition to the above, the following mode transitions are also possible. 

1 . From halt to DMA, refresh, or bus release, and vice versa. 

2. From sleep to bus release, and vice versa. 
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■ Status Signal List 

The following list shows the status signal output for each mode. 



Address Data 



Mode 




LIR 


ME 


IDE 


RD WR 


REF HALT 


BUSACK 


ST 


Bus 


Bus 


CPU 

operation 


1 St op code 
fetch 








1 





1 


1 1 


1 





A 


In 




Other op 
code fetch 








1 





1 






1 


A 


In 




Memory 
read 


1 





1 


u 


1 






1 


A 


In 




write 


1 





1 


1 









1 


A 


Out 




I/O read 


1 


1 








1 






1 


A 


In 




I/O write 


1 


1 














1 


A 


Out 




Internal 
operation 


1 


1 


1 




1 


1 1 


1 


1 


A 


In 


Refresh 




1 





1 




i 


1 




♦ 


A 


In 


Interrupt 


NMI 








1 




1 









A 


In 


acknowl- 
edge (1st 
machine 
cycle) 


TNTo 





1 







1 









A 


In 


INT1. INT2. 
and 
internal 
interrupts 


1 


1 


1 




1 




' 





A 


In 


Bus release 


1 


z 


z 


z 


z 


1 1 





* 


z 


In 


Halt 










1 





1 


1 


1 





A 


In 


Sleep 




1 


1 


1 


1 


1 


1 


1 


1 


1 


In 


Internal 
DMA 


Memory 
read 


1 





1 





1 


1 * 


1 





A 


In 




Memory 
write 


1 





1 


1 





1 * 


1 





A 


Out 




I/O read 


1 


1 








1 


1 * 


1 





A 


In 




I/O write 


1 


1 





1 





1 1 


1 





A 


Out 


Reset 


1 


1 


1 


1 


1 


1 


1 1 


1 


1 


Z 


In 



1 = high level; = low level; * = undefined; A = any value; Z = high impedance; IN = input; OUT = 
output 
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■ Internal I/O Register Reference 

The upper 8 bits of the I/O register address are all 0. The most significant bit of the lower 8 bits 
can be set using the I0A7 bit of the 10 control register. The table below shows the addresses 
when I0A7 = 0. 



Register 


Address 


Remarks 


DMA source address 
register 

channel L: SAHOL 


20 




DMA source address 
register 

channel OH: SAROH 


21 




DMA source address 
register 

channel OB: SAROB 


22 


Only bits 0,1,2, and 3 are used 

Ai9, Ai8, A^y, DMA Transfer Request 




X X DREQo (external) 
X X 1 Not used 
X X 1 Not used 
X X 1 1 Not used 


DMA destination 
address register 
cnannei u l. UAnUL 


23 




DMA destination 
address register 
channel OH: DAROH 


24 




DMA destination 
address register 
channel OB: DAROB 


25 


Only bits 0, 1 , 2, and 3 are used 

Ai9, A^a, A^7, A^5 DMA Transfer Request 




X X DREQo (external) 
X X 1 Not used 
X X 1 Not used 
X X 1 1 Not used 


DMA byte count register 
channel OL: BCROL 


26 




DMA byte count register 
channel OH: BCROH 


27 
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Register 


Address 


Remarks 


DMA memory address 
register 

channel 1 L: MAR1L 


28 




















DMA memory address 
register 

channel 1 H: MAR1H 


29 




















DMA memory address 
register 

channel 1 B: MAR1B 


2A 


Only bits 0, 1, 2, and 3 are used 










DMA I/O address 
register 

channel 1 L: IAR1L 


2B 




















DMA I/O address 
register 

rh;?nnpl 1 H' IAR1H 


2C 




















DMA byte count register 
channel 1 L: BCR1L 


2E 




















DMA byte count register 
channel 1 H: BCR1H 


2F 




















DMA status 
register: DSTAT 


30 


Bit 


7 


6 


5 


4 


3 


2 


1 





1 


DE1 


DEO 


DWE1 


DWEO 


DIE1 


1 DIEO 1 


- 


DME I 




inital value 
Read/Write 




mt 



R/W 


1 

W 


1 

W 



RW 



R/W 


1 

— 



R 


L/lVl^^ II itJUC; 

register: DMODE 


31 


Bit 


7 


6 


5 


4 


3 


2 


1 











DM1 


DM0 


SM1 


1 SMO 1 


MMOD 1 






Initial value 
Read/Wnte 


1 


1 



R/W 



R^V 



R/W 



R/W 



RW 


1 

— 


DMAAA^AIT control 


32 


Bit 


7 


6 


5 


4 


3 


2 


1 





register: DCNTL 


1 


MWI1 


MWIO 


IWI1 


IWIO 


DMS1 


1 DMSO 1 


DIM1 1 


DIMO 1 

- 1 




Initial value 
Read/Write 


1 

R/W 


1 

RW 


1 

R/W 


1 

R/W 



R/W 



R/W 



R/W 



R/W 


Interrupt vector low 
register: IL 


33 


Bit 




6 


5 


4 


3 


2 


1 











IL6 


IL5 


- 1 












Initial value 
Read/Wnte 



R/W 



RW 





1 


1 


1 


1 


1 








1 

Arbitrary values 






T 

Fixed code 
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Register 


Address 


Remarks 


INT/TRAP control 


34 


Bit 


7 


g 


5 


4 


3 


2 


•J 





register: ITC 




Initial value 


1 TRAP 



UFO 



1 - 

1 


1 


1 


ITE2 



ITE1 



ITEO 1 

1 






Read/Write 


RAN 


R 


— 


— 


— 


RW 


RAN 


RAN 


Refresh control 


36 


Bit 


















register: RCR 




Initial value 


I REFE 
1 


REFW 
1 


t - 

1 


- 

1 


- 

1 


1 


CYC1 



CYCO 1 







Read/Write 


R/W 


fWi 




— 


— 


— 


RAN 


R/W 


MMU common base 


38 


Bit 


7 


g 


5 


4 


3 


2 


1 





register: CBR 




Initai value 


1 CB7 



CB6 



CBS 



CB4 



CBS 



CB2 



CB1 



CBO 1 







Read/Write 


RW 


RW 


RW 


rm 


RW 


RA/V 


RAN 


RAN 


MMU bank base 


39 


Bit 


7 


g 


5 


4 


3 


2 


■J 





register: BBR 




Initial value 


1 BB7 



BB6 



BBS 



BB4 



BB3 



BB2 



BB1 




BBO 1 







Read/Write 


R/W 


RW 


R/W 


RW 


BAN 


RAN 


RAN 


RAN 


MMU common/bank 


3A 


Bit 


7 


g 


5 


4 


3 


2 


1 





area register: CBAR 




Initial value 


1 CA3 
1 


CA2 
1 


CA1 
1 


CAO 
1 


BA3 



BA2 



BA1 



BAO 1 








Read/Write 


R/W 


RW 


RW 


mi 


fm 


RAN 


RAN 


RAN 


Operating mode control 


3E 


Bit 


7 


g 


5 


4 


3 


2 


■J 





register: OMCR 




Initial vdue 


1 LIRE 
1 


OrtI 
1 


IOC 
1 


1 


1 


1 


1 


- 1 

1 






Read/Write 


R/W 


w 


RW 












I/O control 


3F 


Bit 


7 


6 


S 


4 


3 


2 


1 





register: lOCR 




Initial value 


lOAR 



1 


lOSTOP 



1 


- 

1 


- 

1 


1 


- 1 

1 






Read/Wnte 


R/W 




RW 
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Dam I ad 

nog isi6r 


Auuress 


Remarks 


Free-running 


40 


Bit 


7 


6 


5 


4 


3 


2 


1 





counter H: FRCH 






1 FRC15 


FRC14 


FRC13 


FRC12 


FRC11 


1 FRC10 


FRC9 


1 FRC8 1 






Initial value 






























Reacmite 


R/W 


RAW 


RAW 


RAW 


RAW 


RAW 


RAW 


R/W 


Free-running 


41 


Bit 


7 


6 


5 


4 


3 


2 


1 





counter L: FRCL 






1 FRC7 


FRC6 


FRC5 


FRC4 


FRC3 


FRC2 


FRC1 


1 FRCO 1 






Initial value 






























Read/Write 


RAN 


R/W 


RAW 


RAW 


RAW 


RAW 


RAW 


RAW 


Timer control/status 


42 


Bit 


7 


6 


5 


4 


3 


2 


1 





register 1: TCSR1 




Initial value 


1 ICF 



OCF 



TOF 



EICI 



EOCI 



ETOI 



lEDG 



1 OLVL 1 







Read/Write 


R 


R 


R 


RAV 


RAW 


RAW 


RAW 


RAW 


Output compare 


43 


Bit 


7 


6 


5 


4 


3 


2 


1 





register 1 H: 0CR1H 




Initid value 


1 0CR15 
1 


0CR14 
1 


0CR13 
1 


OCR12 
1 


OCR11 
1 


OCR10 
1 


OCR9 
1 


1 OCRS 1 
1 






Read/Write 


RAW 


R/W 


RAW 


RAW 


RAW 


RAW 


RAW 


RAW 


Output compare 


44 


Bit 


7 


6 


5 


4 


3 


2 


1 





register 1 L: OCR1L 




Initial value 


1 0CR7 
1 


OCRS 
1 


OCRS 
1 


0CR4 
1 


OCRS 
1 


0CR2 
1 


OCR1 
1 


1 OCRO 1 
1 






Read/Write 




R/W 


RAW 


RAW 


RAW 


RAW 


RAW 


RAW 


Input capture 


45 


Bit 


7 


6 


5 


4 


3 


2 


1 





register H: ICRHNote 




Inital value 


1 ICR15 


ICR14 
* 


ICR13 


ICR12 


ICR11 


ICR10 


ICR9 


1 ICRS 1 






ReadAVnte 


R 


R 


R 


R 


R 


R 


R 


R 






















Undefined 


Input capture 


46 


Bit 


7 


6 


5 


4 


3 


2 


1 





register L: ICRLNote 




Initial value 


1 ICR7 1 


iCR6 1 


ICRS 1 


ICR4 


ICR3 


ICR2 1 


ICR1 
« 


1 ICRO 1 
♦ 






Read/Wnte 


R 


R 


R 


R 


R 


R 


R 


R 






















Undefined 



Note: ICRH and ICRL are not initialized by reset. 
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Register 


Address 


Remarks 


Transmit/receive 


47 


Bit 


7 


6 


5 


4 


3 


2 


1 





control/status register 




initial value 


1 RDRFO 



ORFEO 



TDREO 
1 


RIEO 



1 REO 



1 TIEO 



TEO 



1 wuo 1 




AO: TRCSRAO 




Read/Write 


R 


R 


R 


mi 


R/W 


RA/V 


RW 


R/W 


Transmit/receive 


48 


Bit 


7 


6 


5 


4 


3 


2 


1 





control/status register 




Initial value 


1 RDRFO 



ORFEO 



TDREO 
1 


PERO 



1 - 

1 


1 PENO 



EOPO 



1 SBLO 1 



B 0: TRCSRBO 




Read/Write 


R 


R 


R 


R 




RAW 


RAW 


R/W 


Rate/mode control 


49 


Bit 


7 


6 


5 


4 


3 


2 


1 





register 0: RMCRO 




Initial value 


1 


1 


SS02 



CC02 



1 CC01 



ccoo 




SS01 



I ssoo 1 








Read/Write 






RW 


R/W 


fm 


R/W 


RAW 


RW 


Receive data 


4A 




















register 0: RDRO 






















Transmit data 


48 




















register 0: TDRO 






















Serial port control 


4C 


Bit 


7 


6 


5 


4 


3 


2 


1 





register: SCIPCR 






|SCKHL0|SOUTM0| 


SINMO 


SCKMO 


|SCKHL1 


SOUTMl| 


SINM1 


SCKM1 1 




Initial value 






























Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


RAW 


R/W 


A/D control 


4D 


Bit 


7 


6 


5 


4 


3 


2 


1 





register: ADCR 




Initial value 


1 


1 


1 


1 


1 - 

1 


- 1 

1 


ANE 



AVREF 1 







Read/Write 














RAW 


R/W 


A/D control/status 


4E 


Bit 


7 


6 


5 


4 


3 


2 


•J 





register: ADCSR 




Initial value 


1 ADEF 



ADS 1 



EADEI 



CH2 



CH1 



CHO 1 



ACS1 



ACSO 1 







Read/Write 


R 




R/W 


RAW 


R/W 


RAW 


RAW 


R/W 
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Register 


Address 


Remarks 


A/D result register: 
ADRR 


4F 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 ADRR7 


ADRR6 


ADRR5 


ADRR4 


ADRR3 


ADRR2 


ADRR1 


1 ADRRO I 




Initial value 


* 




• 




* 




* 








Read/Wnte 


R 


R 


R 


R 


R 


R 


R 

* 


R 

Undefined 


Transmit/receive 


50 


Bit 


7 


6 


5 


4 


3 


2 


1 





control/status register 
A1: TRCSRA1 




1 RDRF1 


0RFE1 


TDRE1 


RIE1 


RE1 


TIE1 


TE1 


1 WU1 1 




Initial value 
Read/Write 



R 



R 


1 

R 



RW 



HAN 



RW 



RAN 



RAN 


Transmit/receive 
control/status register 
B 1: TRCSRB1 


51 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 RDRF1 


ORFE1 


TDRE1 


PER1 




PEN1 


EOP1 


1 SBL1 1 




Initial value 
Read/Write 



R 



R 


1 

R 



R 


1 



RAN 



RAN 



RAN 


Rate/mode control 


52 


Bit 


7 


6 


5 


4 


3 


2 


1 





register 1: RMCR1 








SS12 


CC12 


CC11 


CC10 


SS11 


1 SS10 1 




Initial value 





















Q 






ReadA/Vrite 






R/W 


R/W 


R/W 


RAN 


RAN 


RAN 


Receive data 


53 




















register 1: RDR1 






















Transmit data 


54 




















registers. TDR1 






















Timer 2 up-counter 
H: T2CNTH 


55 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 T2C15 


T2C14 


T2C13 


T2C12 


T2C11 


T2C10 


T2C9 


1 T2C8 1 




Initial value 






























Read/Write 


RW 


RW 


R/W 


rm 


R/W 


RAN 


RAN 


RAN 


Timer 2 up-counter 
L: T2CNTL 


56 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 T2C7 


T2C6 


T2C5 


T2C4 


T2C3 


T2C2 


T2C1 


1 T2C0 1 




Initial value 






























Read/Write 


RAN 


RAW 


RW 


R/W 


R/W 


RAN 


RAN 


R^V 
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Register 


Address 


Remarks 


Timer 2 time constant 


57 


Bit 


7 


6 


5 


4 


3 


2 


1 





register H: t2CONRH 




|T2CN15 


T2CN14 


T2CN13 


T2CN12 


T2CN11 


T2CN10 


T2CN9 


T2CN8 1 




Initiai value 


1 


1 


1 


1 


1 


1 


1 


1 








w 


W 


W 


W 


W 


W 


W 


yy 


Timer 2 time constant 


58 


Bit 


7 


6 


5 


4 


3 


2 


1 







register L: T2CONRL 




1 

1 T2CN7 


T2CN6 


T2CN5 


■ 

T2CN4 


_ 

T2CN3 


T2CN2 


T2CN1 


T2CN0 1 




tmtat value 


1 


1 


1 


1 


1 


1 


1 


1 






Read/Write 


W 


W 


W 


W 


W 


W 


W 


W 


Timer control/status 
register 2: TCSR2 


59 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 CMF2 


ECM2I 






T20S1 


T2OS0 


CK2S1 


CK2S0 1 




Initial value 








1 


1 


















RAarl/Writa 
nvciQ/vvruv 


R/W 


R/W 






R/W 


R/W 


R/W 


R/W 


Timer 3 up-counter 
H: T3CNTH 


5A 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 T3C15 


T3C14 


T3C13 


T3C12 


! T3C11 


1 T3C10 


T3C9 


T3C8 1 




Initial value 






























Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Timer 3 up-counter 


5B 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 T3C7 


T3C6 


T3C5 


T3C4 


T3C3 


T3C2 1 


T3C1 


TSCO j 


L: T3CNTL 








Initial value 






























Read/Wnte 


R/W 


BAN 


fm 


R/W 


R/W 


RW 


m/ 


R/W 


Timer 3 time constant 
register H: T3CONRH 


5C 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 T3CN15 


T3CN14 


T3CN13|T3CN12|T3CN11 


T3CN10| 


T3CN9 


T3CN8 1 




Initial value 


1 


1 


1 


1 


1 


1 


1 


1 








W 


W 


W 


W 


W 


W 


W 


W 


Timer 3 time constant 
register L: T3CONRL 


5D 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 T3CN7 


T3CN6 


T3CN5 


T3CN4 


T3CN3 


T3CN2 1 




T3CN1 


1 

T3CN0 I 




Initial value 


1 


1 


1 


1 


1 


1 


1 


1 






Read/Write 


W 


W 


W 


W 


W 


W 


W 


W 


Timer control/status 
register 3: TCSR3 


5E 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 CMF3 


ECM3I 


- 1 


- 


T30S1 


T3OS0 1 


- 


- 1 




initial value 








1 


1 








1 


1 






Read/Write 


R/W 


R/W 






R/W 


R/W 
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Register 


Address 


Remarks 


Timer 4 up-counter 
H: T4CNTH 


5F 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 T4C15 


T4C14 


T4C13 


T4C12 


1 T4C11 


1 T4C10 


T4C9 


1 T«C8| 




Initial value 






























Read/Wi'ite 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Timer 4 up-counter 
L: T4CNTL 


60 


Bit 


7 


6 


5 


4 


3 


2 


1 







f 

1 T4C7 


T4C6 


T4C5 


T4C4 


1 T4C3 


T4C2 


T4C1 


1 

T4C0 1 




Initial value 
































R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Timer 4 time constant 
register H: T4CONRH 


61 


Bit 


7 


6 


5 


4 


3 


2 


1 







|T4CN15 


T4CN14 


T4CN13 


T4CN12 


|t4CN11 


T4CN10 


T4CN9 


T4CN8 1 




Initial value 


1 


1 


1 


1 


1 


1 


1 


1 






neao/wnte 


w 


W 


W 


W 


w 


W 


W 


W 


Timer 4 time constant 
register L: T4CONRL 


62 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 T4CN7 


T4CN6 


T4CN5 


T4CN4 


1 T4CN3 


T4CN2 


T4CN1 


1 

T4CN0 1 




Initial value 


1 


1 


1 


1 


1 


1 


1 


1 






Read/Write 


W 


W 


W 


W 


W 


W 


W 


W 


Timer control/status 
register 4: TCSR4 


63 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 CMF4 


ECM4I 


— 


— 


1 T40S1 


T4OS0 


CK4S1 


1 

CK4S0 I 




Initial value 








1 


1 


















Read/Write 


R/W 


R/W 






RW 


RW 


RW 


RW 


Output data 
register 0: ODRO 


64 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 ODRO7 


ODROe 


ODRO5 


ODRO4 


1 ODRO3 


ODRO 2 


ODRO1 


ODROo 1 




Initial value 






























Read/Wnte 


R/W 


RW 


RW 


R/W 


R/W 


R/W 


R/W 


RW 
















Note Reading obtains input port values 


Output data 
register 1: ODR1 


65 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 ODRI7 


ODRIe 


ODRI5 


ODRI4 


1 ODR1 3 


ODRI2 


ODRI1 


ODR1 1 




1 ratal value 






























Read/Wnte 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 
















Note Reading obtains input port values 


Output data 
register 2: ODR2 


66 


Bit 


7 


6 


5 


4 


3 


2 


1 









ODR26 


ODR25 


ODR24 


1 CX)R23 


ODR22 


ODR2i 


ODR2o 1 




Initial value 


1 



























Read/Whte 




RW 


R/W 


RW 


RAN 


RW 


RW 


RAN 
















Note Reading obtains input port values 
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Register 


Address 


Remarks 


Output data 
registers: ODR3 


67 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 ODR37 


ODR36 


ODR35 


ODR34 


1 ODR33 


1 ODR32 


ODR3i 


1 ODR3o 1 




Initial value 






























Read/Wnte 




RW 


RW 


RW 


mi 


RAW 


RAW 


RAW 
















Note Reading obtains input port values 


Port 4: PORT4 


68 




















Port data direction 
register: DDRO 


69 


Bit 


7 


6 


5 


4 


? 


? 


1 






1 DDRO7 


DDROe 1 


DDRO5 


DDRO4 


1 DDRO 3 


1 DDRO 2 


DDRO1 


T ~ 1 

1 DDROo 1 




Initial value 






























Read/Wnte 


W 


W 


W 


W 


W 


W 


w 


W 


Port 1 data direction 
register: DDR1 


6A 


Bit 


7 


6 


5 


4 




? 


— 1 — 






1 DDRI7 


DDR16 


DDRI5 


DDRI4 


j DDRI 3 


1 DDR1 2 


DDR1 1 


T ~ 1 

1 DDRI 1 




Initial value 






























Read/Wnte 


w 


W 


w 


W 


W 


W 


W 


W 


Port 2 data direction 
register: DDR2 


6B 


Bit 


7 


6 


5 


4 


3 


2 


1 









- 1 


DDR25 


DDR24 


1 DDR23 


1 DDR22 


DDR2i 


DDR2o 1 




Initial value 




























Read/Write 






W 


W 


w 


W 


W 


W 


Port 3 data direction 
register: DDR3 


6C 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 DDR37 


DDR36 


DDR35 


DDR34 


1 DDR33 


1 DDR32 


DDR3i 


DDR3o 1 




Initial value 






























Read/Wnte 


W 


W 


W 


W 


W 


W 


W 


W 


I/O port control 
register 1: IOPCR1 


6D 


Bit 


7 


6 


5 


4 


3 


2 


1 







|dreqoe|tendoe| 


P26E 


BUSE 


1 AOUTE 


TOUT1E 


SCK1E 


SCKoE 1 




Initial value 






























Read/Wnte 


R/W 




RW 


RW 


RAN 


RAW 


RAW 


RAW 


I/O port control 
register 2: IOPCR2 


6E 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 - 


P37CI 


P37CO 


INT2E 


1 INToE 


1 P33CI 


P33CO 


TENDiE| 




Initial value 


1 



























Read/Write 




R/W 


RAW 


RAW 


RAW 


RAW 


RAW 


RAW 
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Auaress 


Remarks 


EEPROM control 
register 1 : EEC1 


70 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 BUSY 


BYTE/ 
PAGE 


PERM 






- 




1 - 1 




Initial value 











1 


1 


1 


1 


1 






Read/Wnte 


R 


R/W 


RW 












EEPROM control 


71 


Bit 


7 


6 


5 


4 


3 


2 


1 





register 2: EEC2 




1 PW 








1 - 






- 1 




Initial value 
Read/Wnte 




w 


1 


1 


1 


1 


1 


1 


1 


Memory relocate 
register: MRR 


72 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 RMR3 


RMR2 


RMR1 


RMRO 


EPR3 


EPR2 


EPR1 


EPRO 1 




Initial value 






























Read/Wnte 


R/W 


RW 


R/W 


RM 


R/W 


R/W 


RW 


R/W 


System control 


7F 


Bit 


7 


6 


5 


4 


3 


2 


1 







1 RAME 








1 STBYE 


CKC2 


CKC1 


CKCO 1 


register: SYSCR 














Initial value 





1 


1 


1 


















Read/Wnte 


R/W 








R/W 




RW 


R/W 
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Section Four 



HD68000 16-Bit 

Microprocessor Family 
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HD68000/HD68HC000 

MPU (Micro Processing Unit) 



- HD68000 - 

The HD68000 is the first in a family of advanced micropro- 
cessors from Hitachi. Utilizing VLSI technology, the HD68000 
is a fully-implemented 16-bit microprocessor with 32-bit 
registers, a rich basic instruction set, and versatile addressing 
modes. 

The HD68CXX) possesses an asynchronous bus structure with 
a 24-bit address bus and a 16-bit data bus. 

FEATURES 

• 32-Bit Data and Address Registers 

• 16 Megabyte Direct Addressing Range 

• 56 Powerful Instruction Types 

• Operations of Five Main Data Types 

• Memory Mapped, I/O 

• 14 Addressing Modes 



- HD68HC000 - 

The HD68HC000 is a 16-bit microprocessor of HD68000 
family, which is exactly compatible with the conventional 
HD68000. 

The HD68HC000 is a complete CMOS device and the power 
dissipation is extremely low. 

FEATURES 

• Instruction Compatible with NMOS HD68000 

• Pin Compatible with NMOS HD68000 

• AC Timing Compatible with NMOS HD68000 

• Low Power Dissipation (Ice typ = 20 mA, Ice =35 mA 

atf = 12.5 MHz) 



HD68000-8, HD68000-10, HD68000-12 
HD68HC000-8, HD68HC000-10, HD68HC000-12 




(DC-64) 



HD68000Y-8, HD68000Y-10, HD68000Y-12 
HD68HC000Y-8, HD68HC000Y-10, HD68HC000Y-12 




(PGA-68) 



HD68000P-8 

HD68HC000P-8, HD68HC000P-10, HD68HC000P-12 




(DP-64) 



HD68000PS-8 

HD68HC000PS-8, HD68HC000PS-10, HD68HC000PS-12 




(DP-64S) 



HD68000CP-8 

HD68HC000CP-8, HD68HC000CP-10, HD68HC000CP-12 



(CP-68) 
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HD68000/HD68HC000 



■ TYPE OF PRODUCTS 



Type No. 


Process 


Clock Frequency 
(MHz) 


Package 


H DooOOO-o 




8.0 


OC-64 


nUooUUU- lU 




10.0 


unfionnn 10 
nlJooUUU-1(£ 








H 068000 Y-8 




8.0 


PGA-68 


HD68000Y-10 


NMOS 


10.0 


HD68000Y«12 


12.5 




HD68000R8 




8.0 


DP-64 


HD68000P98 




8.0 


DP-64S 


HD68000CR8 




8.0 


CP-68 


HD68HC000-8 




8.0 




HD68HC000-10 




10.0 


OC-64 


HD68HC000-12 




12.5 


HD68HC000Y8 




8.0 




HD68HC000Y-10 




10.0 


PGA-68 


HD68HC000Y-12 




12.5 




HD68HC000P8 




8.0 




HD68HC000P-10 


CMOS 


10.0 


OP-64 


HD68HC000R12 




12.5 




HD68HC000P38 




8.0 




HD68HC0O0PS-10 




10.0 


0P-64S 


HD68HC000PS12 




12.5 




HD68HC000CP8 




8.0 




HD68HC000CR.10 




10.0 


CP-68 


HD68HC000CP-12 




12.5 





(Note) HD68000 refers to the NMOS version 68000, and HD68HC000 
refers to the CMOS version 68000. 68000 stands for NMOS and 
CMOS version. 
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HD6^000/HD68HC000 



■ PIN ARRANGEMENT 
• DC-64, DP-64, DP-64S 



• PGA-( 







D4|T 





_ 


DsE 




g3|Dg 


02(1 






DiE 




sTjDs 


Do[T 












UD§[7 










57|Di2 


R/wE 




|^Dl3 


dtackEo 




55|Pi4 


BG|n 




54iDi5 


BGACK|l2 




o3| vss 


brO 




52I A23 


Vcc E2 




I3A22 


CLKEI 




5^ A21 


Vss El 




49j Vcc 


HALTfT? 




iaA20 


RE§|l8 




47I Al9 


"vmaEI 




ilAie 


Ego 




4^ Al7 


VPA|2i 




^Al6 


berrH 




■Lsi 






I£| Al4 


IPL1 ^ 






ipugl 




iSAi2 


FC2 Eg 




3gAii 


FCi iz 




HAio 


FCo |8 




37] As 


Alii 




liAs 


A2go 




3gA7 


AaE 




13 Ae 


A4g2 




33 As 




(Top View) 





® 




(Top View) 



(Bottom View) 



Pen No 


Function 


Pin No 


Function 


Pin No 


Function 


Pin No 


Function 


1 


N/C 


18 


A, 


36 


D, 


52 


A|2 


2 


OTACK 


19 


N/C 


36 


AS 


53 


A„ 


3 




20 


A,4 


37 


LOS 


54 


A., 


4 




21 


A.» 


38 


BG 


55 


Vcc 


5 


CLK 


22 


An 


39 


Vcc 


56 


Vss 


6 


HALT 


23 


A„ 


40 


Vss 


57 


Am 


7 


viyix 


24 


Am 


41 


RES 


58 


0,4 


8 


E 


25 


All 


42 


VPA 


59 


o„ 


9 


BfRR 


26 


A« 


43 




60 


D, 


10 


N/C 


27 


o„ 


44 


IPU 


61 


D* 


11 


FC, 


28 


On 


45 


FC, 


62 


0, 


12 


FCo 


29 


D.0 


46 


N/C 


63 


Do 


13 


A, 


30 


D» 


47 


Ai 


64 


UDS 


14 


A, 


31 


O7 


48 


As 


66 


R/W 


15 


A4 


32 


0, 


49 


A. 


66 


IPL, 


16 


A. 


33 


D4 


50 


A 10 


67 


A„ 


17 


A7 


34 


O2 


51 


A., 


68 


o„ 



• CP-68 



-jbkCQQQQQ 



bTAfcKno' 

ggirr 

iRny 
Vcc 03: 

clkQE 

vssEi: 
Vss or 

N/cDE 
halt! 19' 

vmnr 

VPAI 23* 

"iPL^QE 

IPL. 1 26 



J^D,3 
1130,4 

IHDis 

32 Vss 

ISIVs 

:aiA22 

33 A2, 
321Vcc 
3DA20 

3a A 19 

3SlA,8 

3EAn 
32]A,4 

3gA,5 

31lA,4 

33lA,3 



(Top View) 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


HD68000 


HO68HC000 


Unit 


Value 


Value 


Supply Voltage 


Vcc* 


-0.3 ~ +7.0 


-0.3 - +6.5 


V 


Input Voltage 


Vin* 


-0.3 ~ +7.0 


-0.3 - +6.5 


V 


Operating Tenr\perature Range 


Topr 


0~+70 


0^+70 




Storage Temperature 


^stg 


-55 --+150 


-55 ~+150 





•With respect to Vss (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal o(>eration should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 

Since the HD68HC000 is a C-MOS device, users are expected to be cautious on "latch-up" problem caused by voltage fracturations. 



■ RECOMMENDED OPERATING CONDITIONS 



Item 


Symbol 


HD68000 


HD68HC000 


Unit 


min 


typ 


max 


min 


typ 


max 


Supply Voltage 


Vcc* 


4.75 


5.0 


5.25 


4.75 


5.0 


5.25 


V 


Input Voltage 


CLK 


VlH* 


2.0 




Vcc 


2.8 




Vcc 


V 


Other Inputs 


2.0 




Vcc 


All Inputs 


V|L* 


-0.3 




0.8 


-0.3 




0.8 


V 


Operating Temperature 


Topr 





25 


70 





25 


70 





♦ With respect to Vss (SYSTEM GND) 
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■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc " 6V ± 6%, Vss - OV, Ti - - •f70''C, Fig. 1, unltii otharwlia notad.) 



Item 


Symbol 


Test Condition 


HD68000 


HD68HC000 


Unit 


min 


max 


min 


max 


Input "High" Voltage 


CLK 


VlH 




2.0 


Vcc 


2.8 


Vcc 


V 


Other Inputs 


2.0 


Vcc 


Input "Low" Voltage 


V|L 




Vss -0.3 


0.8 


Vss -0.3 


0.8 


V 


Input Leakage Current 


BERR, BGACKJiR, OTaCk, 
IPLo ^ IPL2, VPA, CLK 


lin 


@ 5.25V 


— 


2.5 


- 


2.5 


uA 


HALT, RES 


- 


20 


- 


20 


Three-State (Off State) 
Input Current 


AS, Ai-' A23, Do ^ Dis, 
PCo^FC2,LDS, R/W, UDS, 
VMA 


'tsi 


@ 2.4V/0.4V 




20 




20 


ma 


Output "High" Voltage 


AS, Ai ~ Am, §5, Do -Dis, 
FCo^FC2,LDS, R/W, UDS, 
VMA, E 


» OH 


• OH ~*r\JUf*r^ 


2.4 


- 


Vcc-075 




V 


E* 


Vcc -075 


- 


Output "Low" Voltage 


HALT 


Vol 


l0L=1-6 mA 




0.5 




0.5 


V 


Ai'^Ajs, BG, FCo ~ FC2 


loL=3.2 mA 


- 


0.5 




0.5 




RES 


loL=5.0 mA 




u.o 




U.O 


AS, Do~Dis,LDS, R/W, E, 
UDS, VMA 


\o\_=S.3 mA 


- 


0.5 


- 


0.5 


Power Dissipation 


CERAMIC PACKAGE 


Pd 


f = 6MHz 
f = 8MHz 
f = 10 MHz 




1.5 






w 


f = 12.5 MHz 




1.75 


PLASTIC PACKAGE 


f = 8MHz, 

VCC ' 

Ta = 25°C 




0.9 


Current Dissipation 


Id- 


f =8MHz 








25 


mA 


f = 10 MHz 








30 


f= 12.5 MHz 








35 


Capacitance (Package Type Dependent) 


Cm 


Vin = OV, 
Ta = 25° C, 
f = 1 MHz 




20.0 




20.0 


pF 



•With externa! pull up resistor of 1.1 kn. 
••Without load. 



► 2 9kn 



RES 
O— 



ri30pF 



rrr 



HALT 
O 



:70pF 



7fr 



Test 
Point 
O 



Cl = 130pF (Includes all Parasitics) 
R L = 6 kl2 for AS, A , ~A„ , 8^5, D ~ 
FCo -''C, , LDS. R/W.Um, VrSfA 
•R = 1 22 kn for A, ~A„ , BG, FC^ ~FC, 




1S2074(Pr > R« = 740n 

or P^ 
Equivalent 



152074® 
or 

Equivalent 



Figure 1 Test Loads 
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• AC CHARACTERISTICS (Vcc = 5V ± 5%, Vgs = OV, Ta = 0~ +70°C, unless otherwise noted.) 
CLOCK TIMING 



Item 


Symbol 


Test Condition 


8 MHz 


10 MHz 


12.5 MHz 


Unit 


min 


max 


min 


max 


min 


max 


Frequency of Operation 


f 




4.0 


8.0 


4.0 


10.0 


4.0 


12.5 


MHz 


Cycle Time 


tcyc 




125 


250 


100 


250 


80 


250 


ns 


Clock Pulse Width 


tCL 


Fig. 2 


55 


125 


45 


125 


35 


125 


ns 


tCH 


55 


125 


45 


125 


35 


125 


ns 


Rise and Fall Times 


tCr 






10 




10 




5 


ns 


tCf 






10 




10 




5 


ns 




(NOTE) 

Timing measurements are referenced to and from a low voltage of 0.8 volt and high a voltage of 2.0 volts, unless otherwise noted. 

The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 0.8 volt and 



Figure 2 Clock Input Timing 
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READ AND WRITE CYCLES 



Num. 


Item 


Symbol 


Test 


8 MHz 


10 MHz 


12.5 MHz 




uonaition 


min 


max 


mIn 


max 


min 


max 


Unit 


1 


Clock Period 


tcyc 




125 


250 


100 


250 


80 


250 


ns 


2 


Clock Width Low 


tCL 




55 


125 


45 


125 


35 


125 


ns 


3 


Clock Width High 


tCH 




55 


125 


45 


125 


35 


125 


ns 


4 


Clock Fall Time 


tCf 






10 




10 




5 


ns 


5 


Clock Rise Time 


tCr 




- 


10 


- 


10 


- 


5 


ns 


6 


Clock Low to Address Valid 


tCLAV 






70 




60 




55* 


ns 


6A 


Clock High to FC Valid 


tcHFCV 




- 


70 


- 


60 


- 


55 


ns 


7 


Clock High to Address, Data Bus 
High Impedance (Maximum) 


tcHADZ 






80 




70 




an 

DU 


ns 


8 


Clock High to Address, FC Invalid (Minimum) 


^HAFI 




Q 




n 








ns 




Clock High to AS, OS Low 


— iCfclSL^ 







60 





55 





55 


ns 


112 


Address Valid to AS, DS Low (Read)/ 
AS Low (Write) 


tAVSL 




30 


- 


20 


- 





- 


ns 


11A2 


FC Valid to AS, DS Low (Read)/ 
AS Low (Write) 


tpCVSL 




60 


- 


50 


- 


40 


- 


ns 


12^ 


Clock Low to AS, DS High 


tCLSH 


Fig. 3, 


- 


70 


- 


55 


- 


50 


ns 


132 


AS, DS High to Address/FC Invalid 


tSHAFI 


Fig. 4 


30 


- 


20 


- 


10 


- 


ns 


142 


AS, DS Width Low (Read)/AS Low (Write) 


15L 




240 


- 


195 


- 


160 


- 


ns 




155 Width Low (Write) 


tDSL 




115 


- 


95 


- 


80 


- 


ns 


152 


AS, DS Width High 


^SH 




150 


- 


105 


- 


65 


- 


ns 


16 


Clock High to Control Bus High Impedance 


tCHCZ 




- 


80 


- 


70 


- 


60 


ns 


172 


AS, DS High to R/W High (Read) 


tSHRH 




40 


- 


20 


- 


10 


- 


ns 


18^ 


Clock High to R/W High 


tCHRH 







70 





60 





60 


ns 


20^ 


Clock High to R/W Low (Write) 


tCHRL 




- 


70 


- 


60 


- 


60 


ns 


20A^ 


AS Low to R/W Valid (Write) 


tASRV 




- 


20 


- 


20 


- 


20 


ns 


2l2 


Address Valid to R/W Low (Write) 


tAVRL 




20 


- 





- 





- 


ns 


21 A^ 


FC Valid to R/W Low (Write) 


tPCVRL 




60 




50 




30 


— 


ns 


222 


R/W Low to DS Low (Write) 


^tRLSL 




80 




50 




30 




ns 


23 


Clock Low to Data Out Valid (Write) 


tCLDO 




_ 


70 


_ 


55 


_ 


55 


ns 


252 


AS, DS High to Data Out Invalid (Write) 


tSHDOl 




30 


- 


20 


- 


15 


- 


ns 


262 


Data Out Valid to DS Low (Write) 


tDOSL 




30 


- 


20 


- 


15 


- 


ns 


275 


Data In to Clock Low (Setup Time on Read) 


^DIQL 




15 


- 


10 


- 


10 


- 


ns 


28^ 


AS, DS High to DTACK High 


tSHDAH 







245 





190 





150 


ns 


29 


DS High to Data In invalid 
(Hold Time on Read) 


tSHDII 







- 





- 





- 


ns 


30 


AS, OS High to BERR High 


tSHBEH 



















ns 


3l2.5 


DTACK Low to Data In (Setup Time) 


tPALDI 






90 




65 




50 


ns 


32 


HALT and RESET Input Transition Time 


tRHr, f 







200 





200 





200 


ns 


33 


Clock High tol^ Low 


tCHGL 






70 




60 




50 


ns 


34 


Clock High to BG High 


tCHGH 






70 




60 




50 


ns 


35 


BR Low to¥G Low 


tBRLGL 




1.5 


90 
ns 
+3.5 


1.5 


80 

ns 
+3.5 


1.5 


70 
ns 
+3.5 


Clk. 
Per. 



• 57 for HD68HC000 
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READ AND WRITE CYCLES (CONTINUED) 



Num. 


Item 


Symix>l 


Test 
Condition 


8 MHz 


10 MHz 


12.5 MHz 


Unit 


min 


max 


min 


max 


min 


max 


36^ 


BR High to"BG High 


tBRHGH 




1.5 


90 ns 


1.5 


80 ns 


1.5 


70 ns 

4-'? R 


Clk.Pfer. 


37 


BGACK Low to BG High 


tGALGH 




1.5 


90 ns 
+3.5 


1.5 


80 ns 
+3.5 


1.5 


70 ns 
+3.5 


Clk.Rer. 


37 A 


BGACK Low to BR High 


^ALBRH 


20 


1.5 
Clocks 


20 


1.5 
Clocks 


20 


1.5 
Clocks 


ns 


38 


BG Low to Control, Address, Data Bus 
High Impedance (AS High) 


tGLZ 


Fig. 3, 
Fig. 4 




80 




70 




60 


ns 


39 


BG Width High 


tGH 


1.5 




1.5 




1.5 




ClkPfer. 


40 


Clock Low to VMA Low 


tCLVML 


_ 


70 


_ 


70 


_ 


70 


ns 


41 


Clock Low to E Transition 


tCLET 


_ 


70 


_ 


55 


_ 


45 


ns 


42 


E Output Rise and Fall Time 


^Er, f 




25 


_ 


25 


_ 


25 


ns 


43 


VMALow to E High 


tVMLEH 


200 


_ 


150 


_ 


90 


_ 


ns 


44 


AS, DS High toVPAHigh 


tSHVPH 





120 





90 





70 


ns 


45 


E Low to Control, Address Bus Invalid 
(Address Hold Time) 


tELCAl 


30 


- 


10 


- 


10 


- 


ns 


46 


BGACK Width Low 


tGAL 


1.5 


- 


1.5 


- 


1.5 


- 


Clk.Per. 


47° 


Asynchronous Input Setup Time 


tASI 


20 


— 


20 


— 


20 


— 


ns 


48"* 


BERR Low to DTACK Low 


tBELDAL 


20 


— 


20 




20 




ns 


49^ 


AS, DS High to E Low 


tSHEL 


-70 


70 


-55 


55 


-45 


45 


ns 


OU 


c wiuin nign 


tEH 


450 




350 




280 




ns 


R 1 
01 


t wiutn LOW 


tEL 


700 




550 




440 




ns 


53 


Clock High to Data Out Invalid 


tCHDOl 

















ns 


54 


E Low to Data Out Invalid 


tELDOl 


30 




20 




15 




ns 


55 


R/W to Data Bus Driven 


tRLDBD 


30 




20 




10 




ns 


564 


HALT/RESET Pulse Width 


tHRPW 


10 




10 




10 




Clk.Per. 


57 


BGACK High to Control Bus Driven 


tGABD 


1.5 




1.5 




1.5 




Clk.Per. 


58^ 


BG High to Control Bus Driven 


tGHBD 


1.5 




1.5 




1.5 




Clk.Per. 



NOTES: 

1 . For a loading capacitance of less than or equal to 50 picofarads, substract 5 nanoseconds from the value given in the nr^axinnunn colunnns. 

2. Actual value depends on clock period. 

3. If #47 is satisfied for both DTACK and BERR, #48 may be nanoseconds. 

4. For power up, the MPU must be held in RES state for 100 ms to allow stabilization of on-chip circuitry. After the systenn is powered up, 
#56 refers to the minimum pulse width required to reset the system. 

5. If the asynchronous setup time (#47) requirements are satisfied, the DTACK low-to-data setup time (#31) requirement can be ignored. 
The data must only satisfy the date-in clock-low setup time (# 27) for the following cycle. 

6. When AS and R/W are equally loaded (±20%), subtract 10 nanoseconds from the values given in these columns. 

7. The processor will negate "B<5 and begin driving the bus again if external arbitration logic negates ST? before asserting BGACk. 

8. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 

9. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events can occur 
first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will occur between the 
rising edge of the strobes and the falling edge of the E clock. 



HITACHI 

914 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD68000/HD68HC000 



These waveforms should only be referenced in regard to the 
edge-to-edge measurement of the timing specifications. They 
are not intended as a functional description of the input and 



output signals. Refer to other functional descriptions and 
their related diagrams for device operation. 



so SI S2 S3 S4 S5 S6 S7 (J)-^ 



FC0-FC2 



A1-A23 



LDS/UDS J 




1 . Setup time for the synchronous inputs BGACK, IPL0.2 and VPA guarantees their recognition at the next falling edge of the clock. 

2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle. 

3. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage 2.0 volts, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 
0.8 volt and 2.0 volts. 



Figure 3. Read Cycle Timing 
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HD68000/HD68HC000 



These waveforms should only be referenced in regard to the 
edge-to-edge measurement of the timing specifications. They are 
not intended as a functional description of the input and output 



signals. Refer to other functional descriptions and their related 
diagrams for device operation. 



SO SI S2 S3 S4 S5 S6 S7 




FC0-FC2 




NOTES: 

1 . Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 
0.8 volt and 2.0 volts. 

2. Because of loading variations, R/W may be valid after /S^S even though both are initiated by the rising edge of S2 (Specification 20A). 



Figure 4. Write Cycle Timing 



916 
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• HMCS6800 TIMING 



Num. 


Item 


QwimK#^i 
iiiuui 


Test 


6 MHz 


8 MHz 


10 MHz 


12.5 MHz 


Unit 


Condition 




















uiocK LOW to f\o, Uo nign 


^LSH 




— 


80 


— 


70 


— 


55 




50 




18 


Clock High to R/W High 


tCHRH 







80 





70 





60 





60 


ns 


20 


Clock High to R/W Low (Write) 


tCHRL 




- 


80 


- 


70 




60 


- 


60 


ns 


23 


Clock Low to Data Out Valid (Write) 


tCLDO 




- 


80 


- 


70 


- 


55 


- 


55 


ns 


27 


Data In to Clock Low (Setup Time on Read) 


^DCL 




25 




15 




10 




10 




ns 


29 


AS, D§ High to Data In Invalid 
(Hold Time on Read) 


tSHDil 


Fig. 5, 





— 

- 





— 

- 





— 

- 





— 


ns 


40 


Clock Low to VMA Low 


tCLVML 


Fig. 6 


- 


80 


- 


70 


- 


70 


- 


70 


ns 


41 


Clock Low to E Transition 


tCLET 




— 


35 


— 


70 




55 


— 


45 


ns 


42 


E Output Rise and Fall Time 


tEr.f 






25 




25 




25 


— . 


25 


ns 


43 


VMA LOW to t nign 


tVMLEH 




240 




200 




150 




90 




ns 


44 


AS, DS High to VP A High 


tSHVPH 







160 





120 





90 





70 


ns 


45 


E Low to Control, Address Bus Invalid 
(Address Hold Time) 


tELCAl 




35 




30 




10 




10 




ns 


47 


Asynchronous Input Setup Time 


tASI 




25 




20 




20 




20 




ns 


49^ 


"M, DS High to E Low 


tSHEL 




-80 




-70 


70 


-55 


55 


-45 


45 


ns 


50 


E Width High 


tEH 




600 




450 




350 




280 




ns 


51 


E Width Low 


tEL 




900 




700 




550 




440 




ns 


54 


E Low to Data Out Invalid 


tELDOl 




40 




30 




20 




15 




ns 



NOTE: 

1 . The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events can occur first, 
depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will occur between the rising edge of 
the strobes and the falling edge of the E clock. 



SO SI S2 S3 S4 w w w w w w w w w w w w S5 S6 S7 SO 




NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best case possibly attainable. 

Figure 5. HD6800 Timing— Best Case 
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SO SI S2 S3 S4 w w w w w w 



WW wwwwwwwwwwww S5S6 S7 SO 




Data Out 



Data in 



NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly attainable. 

Figure 6. HD6800 Timing— Worst Case 

BUS ARBITRATION 



Num. 


Item 


Symbol 


Test 
Condition 


8 MHz 


10 MHz 


12.5 MHz 


Unit 


min 


max 


min 


max 


min 


max 


7 


Clock High to Address, Data Bus 
High Impedance 


tCHADZ 






80 




70 




60 


ns 


16 


Clock High to Control Bus High Impedance 


^HCZ 




80 




70 




60 


ns 


33 


Clock High to BG Low 


tCHGL 




70 




60 




50 


ns 


34 


Clock High to BG High 


tCHGH 


Fig. 7 ~ 
Fig. 9 




70 




60 




50 


ns 


35 


BR Low to BG Low 


tBRLGL 


1.5 


90ns 
+3.5 


1.5 


80ns 
+3.5 


1.5 


70ns 
+3.5 


Clk.Per. 


361 


BR High to BG High 


*BRHGH 


1.5 


90ns 
+3.5 


1.5 


80ns 
+3.5 


1.5 


70ns 
+3.5 


Clk.Per. 


37 


BGACK Low to BG High 


tQALGH 


1.5 


90ns 
+3.5 


1.5 


80ns 
+3.5 


1.5 


70ns 
+3.5 


Clk.Per. 


37A2 


BGACK Low to BR High 


tGALBRH 


20 


1.5 
Clocks 


20 


1.5 
Clocks 


20 


1.5 
Clocks 


ns 


38 


BG Low to Control, Address, Data 
Bus High Impedance (AS High) 


^GLZ 




80 




70 




60 


ns 


39 


Bla Width High 


^GH 


1.5 




1.5 




1.5 




ak.Per. 


46 


BGACK Width Low 


tGAL 


1.5 




1.5 




1.5 




Clk.Per. 


47 


Asynchronous Input Setup Time 


tASI 


20 




20 




20 




ns 


57 


BGACK High to Control Bus Driven 


tQABD 


1.5 




1.5 




1.5 




Clk.Per. 


581 


BG High to Control Bus Driven 


^HBD 


1.5 




1.5 




1.5 




Clk.Per. 



NOTES: 

1. The 

2. The 



processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK. 
minimum value must be met to guarantee proper operation. If the maximum value is exceeded, €5 may be reasserted. 
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Figures 7, 8, and 9 depict the three bus arbitration cases that 
can arise. Figure 7 shows the timing where AS is negated when 
the processor asserts BG (Idle Bus Case). Figure 8 shows the 
timing where AS is asserted when the processor asserts 
(Active Bus Case). Figure 9 shows the timing where more than 
one bus master are requesting the bus. Refer to Bus Arbitration 
for a complete discussion of bus arbitration. 



The waveforms shown in Figures 7, 8, and 9 should only be 
referenced in regard to the edge-to-edge measurement of the 
timing specifications. They are not intended as a functional 
description of the input and output signals. Refer to other func- 
tional descriptions and their related diagrams for device opera- 
tion. 




AS 
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Figure 7. Bus Arbitration Timing Diagram — Idle Bus Case 
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Figure 8. Bus Arbitration Timing Diagram — Active Bus Case 
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Figure 9. Bus Arbitration Timing Diagram - Multiple Bus Requests 
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■ INTRODUCTION 

As shown in the programming model, the 68000 offers seven- 
teen 32-bit registers in addition to the 32-bit program counter 
and a 16-bit status register. The first eight registers (DO D7) 
are used as data registers for byte (8-bit), word (16-bit), and 
long word (32-bit) data operations. The second set of seven 
registers (AO ~ A6) and the system stack pointer may be used 
as software stack pointers and base address registers. In addi- 
tion, these registers may be used for word and long word 
address operations. All 17 registers may be used as index regis- 
ters. 

The status register contains the interrupt mask (eight levels 
available) as well as the condition codes; extend (X), negative 
(N), zero (Z), overflow (V), and carry (C). Additional status 
bits indicate that the processor is in a trace (T) mode and/or 
in a supervisor (S) state. 



Status Register 



"is 13 10 9 ^ 4 3 2 1 0^ 



System Byte 



User Byte 
(Condition Code Register) 



10 9 



4 3 2 1 



Trace Mode 



Supervisor 
State 



Interrupt 
Mask 



Extend 
Negative 

Zero 
Overflow 



Carry 



Unused, read as zero. 



(2) 
(3) 
(4) 
(5) 



DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 
(1) Bits 

BCD Digits (4 bits) 
Bytes (8 bits) 
Word (16 bits) 
Long Words (32 bits) 
In addition, operations on other data types such as memory 
address, status word data, etc., are provided for in the instruc- 
tion set. 

The 14 addressing modes, shown in Table 1, includes six 
basic types: 

(1) Register Direct 
Register Indirect 
Absolute 
Immediate 

Program Counter Relative 
Implied 

Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 



(2) 
(3) 
(4) 
(5) 
(6) 



Programming Model 
161 5 87 



DO 
01 
D2 

03 Eight 
Data 
Registeri 

05 
06 
07 



AO 
Al 

A 2 Seven 
Address 
Registers 
A4 
A5 
A6 



A3 



User Stack Pointer 



31 



Supervisor Stack Pointer 
"24' 23^ 



Two Stack 
Pointers 



[System Byte I User Byte | 



Table 1 Addressing Modes 



Program 
Counter 



Status 
Register 



Mode 



Register Direct Addressing 

Data Regi^er Diredt 
Address Register Direct 



AtMolute Data Addressing 

Absolute Short 
Absolute Long 



Program Counter Relative Addressing 

Relative with Offset 

Relative with Index and Offset 



Register Indirect Addressing 

Register Indirect 
Postincrement Register Indirect 
Predecrement Register Indirect 
Register Indirect with Offset 
Indexed Register Indirect with Offset 



immediate Data Addressing 

Immediate 
Quick Immediate 



Implied Addressing 

Implied Register 



EA = Dn 
EA = An 



EA = (Next Word) 

E A = (Next Two Words) 



EA = (PC) + d,6 

EA = (PC) + (Xn) +d8 



EA = (An) 

EA = (AN). An <-An + N 
An *-An - N. EA = (An) 
EA= (An) +d,6 
EA = (An) + (Xn) + d8 



DATA = Next Word(s) 
Inherent Data 



EA = SR, USP. SP, PC 



(NOTES) 

EA - Effective Address 

An « Address Register 

Dn = Data Register 

Xn - Address or Data Register used 

as Index Register 
SR = Status Register 
PC = Program Counter 
( ) = Contents of 
dg = Eight-bit Offset 

(displacement) 



= Sixteen-bit Offset 
(displacement) 

= 1 for Byte, 2 for 
Words and 4 for Long 
Words. If An IS the stack 
pointer and the operand 
size is byte, N=2 to keep 
the stack pointer on a 
word boundary. 

= Replaces 
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• INSTRUCTION SET OVERVIEW 

The 68000 instruction set is shown in Table 2. Some addi- 
tional instructions are variations, or subsets, of these and they 
appear in Table 3. Special emphasis has been given to the in- 
struction set's support of structured high-level languages to facil- 
itate ease of programming. Each instruction, with few excep- 
tions, operates on bytes, words, and long words and most 



instructions can use any of the 14 addressing modes. Combining 
instruction types, data types, and addressing modes, over 1000 
useful instructions are provided. These instructions include 
signed and unsigned multiply and divide, **quick** arithmetic 
operations, BCD arithmetic and expanded operations (through 
traps). 



Table 2 instruction Set 



Mn«monic 


Description 


ABCD 


Add Decimal with Extend 


ADD 


Add 


AND 


Logical And 


ASL 


Arithmetic Shift Left 


ASR 


Arithmetic Shift Right 


Bcc 


Branch Conditionally 


BCHG 


Bit Test and Change 


BCLR 


Bit Test and Clear 


BRA 


Branch Always 


BSET 


Bit Test and Set 


BSR 


Branch to Subroutine 


BTST 


Bit Test 


CHK 


Check Register Against Bounds 


CLR 


Clear Operand 


CMP 


Compare 


DBcc 


Test Condition. Decrement and 




Branch 


DIVS 


Signed Divide 


DIVU 


Unsigned Divide 



Mnemonic 


Description 


Mnemonic 


Description 


EOR 


Exclusive Or 


PEA 


Push Effective Address 


EXG 


Exchange Registers 


RESET 


Reset External Devices 


EXT 


Sign Extend 


- ROL 


Rotate Left without Extend 


JMP 


Jump 




ROR 


Rotate Right without Extend 


JSR 


Jump to Subroutine 


ROXL 


Rotate Left with Extend 


LEA 


Load Effective Address 


ROXR 


Rotate Right with Extend 


LINK 


Link Stack 


RTE 


Return from Exception 


LSL 


Logical Shift Left 


RTR 


Return and Restore 


LSR 


Logical Shift Right 


RTS 


Return from Subroutine 


MOVE 


Move 


SBCD 


Subtract Decimal with Extend 


MOVEM 


Move Multiple Registers 


Sec 


Set Conditional 


MOVEP 


Move Peripheral Data 


STOP 


Stop 


MULS 


Signed Multiply 


SUB 


Subtract 


MULU 


Unsigned Multiply 


SWAP 


Swap Data Register Halves 


N8CD 


Negate Decimal with Extend 


TAS 


Test and Set Operand 


NEC 


Negate 


TRAP 


Trap 


NOP 


No Operation 


TRAPV 


Trap on Overflow 


NOT 


One's Complement 


TST 


Test 


OR 


Logical Or 


UNLK 


Unlink 



Table 3 Variations of Instruction Types 



instruction 
Type 


Variation 


Description 


Instruction 
Type 


Variation 


Description 


ADD 


ADD 

ADDA 
ADDQ 
ADD! 
ADDX 


Add 

Add Address 
Add Quick 
Add Immediate 
Add with Extend 


MOVE 


MOVE 

MOVE A 
MOVEQ 
MOVE from SR 
MOVE to SR 
MOVE to CCR 
MOVE USP 


Move 

Move Address 
Move Quick 

Move from Status Register 
Move to Status Register 
Move to Condition Codes 
Move User Stack Pointer 


AND 


AND 

ANOI 

ANDI to CCR 
ANDI to SR 


Logical And 
And Immediate 
And Immediate to 
Condition Codes 
And Immediate to 
Status Register 




NEC 


NEG 

NEGX 


Negate 

Negate with Extend 


OR 


OR 

ORI 

ORI to CCR 
OR 1 to SR 


Logical Or 
Or Immediate 
Or Immediate to 
Condition Codes 
Or Immediate to 
Status Register 


CMP 


CMP 

CMPA 
CMPM 
CMPI 


Compare 
Compare Address 
Compare Memory 
Compare Immediate 


EOR 


EOR 


Exclusive Or 


SUB 


SUB 


Subtract 




EORI 


Exclusive Or Immediate 




SUBA 


Subtract Address 




EORI to CCR 


Exclusive Or Immediate 




SUBI 


Subtract Immediate 






to Condition Codes 




SUBQ 


Subtract Quick 




EORI to SR 


Exclusive Or Immediate 




SUBX 


Subtract with Extend 






to Status Register 
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■ REGISTER DESCRIPTION AND DATA ORGANIZATION 

The following paragraphs describe the registers and data 
organization of the 68000. 

• OPERAND SIZE 

Operand sizes are defined as follows: a byte equals 8 bits, 
a word equals 16 bits, and a long word equals 32 bits. The 
operand size for each instruction is either explicitly encoded 
in the instruction or implicitly defined by the instruction 
operation. Implict instructions support some subset of ail three 
sizes. 

• DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of 1, 8, 16, 
or 32 bits. The seven address- registers together with the active 
stack pointer support address operands of 32 bits. 

DATA REGISTERS 

Each data register is 32 bits wide. Byte operands occupy 
the low order 8 bits, word operands the low order 16 bits, and 
long word operands the entire 32 bits. The least significant bit 
is addressed as bit /,ero, the most significant bit is addressed 
as bit 3 1 . 

When a data register is used as cither a source or destination 
operand, only the appropriate low-order portion is changed; 
the remaining higli-order portion is neither used nor changed. 



ADDRESS REGISTERS 

tach address register and the stack pointer is 32 bits wide 
and holds a full 32 bit address. Address registers do not support 
byte sized operands. Therefore, when an address register is used 
as a source operand, either the low order word or the entire 
long word operand is used depending upon the operation size. 
When an address register is used as the destination operand, the 
entire register is affected regardless of the operation size. If the 
operation size is word, any other operands are sign extended 
to 32 bits before the operation is performed. 

• DATA ORGANIZATION IN MEMORY 

Bytes are individually addressable with the high order byte 
having an even address the same as the word, as shown in 
Figure 10. The low order byte has an odd address that is one 
count higher than the word address. Instructions and multibyte 
data are accessed only on word (even byte) boundaries. If a 
long word datum is located at address n (n even), then the 
second word of that datum is located at address n + 2. 

The data types supported by the 68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown in Figure 11. The numbers indicate the order in which 
the data would be accessed from the processor. 



15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 



Byte 000000 


Word 000000 
1 


Byte 000001 


Byte 000002 


Word 000002 
1 


Byte 000003 


> \ y 


\ Byte FFFFFE 


Word FFFFFE 
1 


Byte FFFFFF | 



Figure 10 Word Organization in Memory 
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Bit Data 
1 Byte = 8 Bits 
7 6 5 4 3 2 1 



15 14 13 12 11 10 



Integer Data 
1 Byte = 8 Bits 
9 8 7 6 



MSB 

- — — Long Word - 



n+2 
n+4 
n+6 
n+8 
n+10 



n+2 
n+4 
n+6 
n+8 
n+10 



High Order 
Low Order 



— — — Long Word 1 - 



- - -Long Word 2- 



15 14 13 12 11 10 



MSB 

- — — Address - 



Addresses 
1 Address = 32 Bits 
9 8 7 6 



High Order 
Low Order 



- - — Address 1 - 



- _ — . Address 2 ■ 



MSB = Most Significant Bit 
LSB = Least Significant Bit 

Decimal Data 
2 Binary Coded Decimal Digits = 1 Byte 
15 14 13 12 11 10 9 8 7 6 5 4 3 



n 


MSB 


Byte 


LSB 


Byte 1 


n+1 


n+2 


Byte 2 


Byte 3 


n+3 




15 14 13 


12 11 10 


1 Word = 16 Bits 
9 8 7 6 5 


4 3 


2 


1 




n 


MSB 




WordO 






LSB 


n+1 


n+2 


Word 1 


n+3 


n+4 


Word 2 


n+5 



1 Long Word = 32 Bits 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



LSB 



n 


•^SD BCDO 


BCD1 


LSD 


BCD2 


BCD3 


n+2 


BCD4 


BC05 


BCD6 


BCD7 



MSD= Most Significant Digit 
LSD = Least Significant Digit 



Figure 1 1 Data Organization in Mennory 



924 
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• ADDRESSING 

Instructions for the 68000 contain two kinds of information: 
the type of function to be performed, and the location of the 
operand(s) on which to perform that function. The methods 
used to locate (address) the operand(s) are explained in the 
following paragraphs. 

Instructions specify an operand location in one of three 
ways: 

Register Specification - the number of the register is given 

in the register field of the instruction. 
Effective Address - use of the different effective address 

modes. 

Implicit Reference - the defmition of certain instructions 
implies the use of specific registers. 

• INSTRUCTION FORMAT 

Instructions are from one to five words in length, as shown 
in Figure 12. The length of the instruction and the operation 
to be performed is specified by the first word of the instruction 
which is called the operation word. The remaining words 
further specify the operands. These words are either immediate 
operands or extensions to the effective address mode specified 
in the operation word. 

• PROGRAM/DATA REFERENCES 

The 68000 separates memory references into two classes: 
program references, and data references. Program references, as 
the name implies, are references to that section of memory that 



contains the program being executed. Data references refer to 
that section of memory that contains data. Operand reads are 
from the data space except in the case of the program counter 
relative addressing mode. All operand writes are to the data 
space. 

• REGISTER SPECIFICATION 

The register field within an instruction specifies the register 
to be used. Other fields within the instruction specify whether 
the register selected is an address or data register and how the 
register is to be used. 

• EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using 
the effective address field in the operation word. For example, 
Figure 13 shows the general format of the single effective address 
instruction operation word. The effective address is composed 
of two 3-bit fields: the mode field, and the register field. The 
value in the mode field selects the different address modes. The 
register field contains the number of a register. 

The effective address field may require additional informa- 
tion to fully specify the operand. This additional information, 
called the effective address extension, is contained in the 
following word or words and is considered part of the instruc- 
tion, as shown in Figure 12. The effective address modes are 
grouped into three categories: register direct, memory address- 
ing, and special. 



J5 LS 13 12 11 10 9 8 7 6 5 4 3 2 1 

Operation Word 

(First Word Specifies Operation and Modes) 

Immediate Operand 
(If Any, One or Two Words) 
Source Effective Address Extension 

(If Any, One or Two Words) 

Destination Effective Address Extension 
(If Any, One or Two Words) 

Figure 12 Instruction Format 



15 


14 


13 




11 


10 


9 


8 


7 


6 


5 4 3 2 1 





X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Effective Address 
Mode 1 Register 



Figure 13 Single-Effective-Address Instruction Operation Word General Format 
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REGISTER DIRECT MODES Data Register Direct 

These effective addressing modes specify that the operand The operand is in the data register specified by the effective 
is in one of the 16 multifunction registers. address register Held. 



EXAMPLE 
MPU MEMORY 




OWL 

MOVE DO, $1 FOG OWL + 2 



COMMENTS 
• EA = Dn 



• Machine Level Coding 
MOVE DO, $1 FOG 

OOtI 0001 1100 000 



Absolute 
Short 



Reg #0 



Data 

Register 

Direct 



Address Register Direct 

The operand is in the address register specified by the effec- 
tive address register field. 




MOVE A4, $201000 



COMMENTS 
• EA = An 



• Machine Level Coding 
MOVE A4, $201000 
0011 0011 1100 1100 



I 

Move 







t 

Reg #4 


Absolute 




Long 





Address 
Register 
Direct 



HITACHI 

926 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pl<wy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD68000/HD68HC000 




MOVE $201000, A4 



COMMENTS 

• EA- An 

• Address Register Sign Extended 

• Machine Level Coding 

MOVE $20 1000, A4 
0011 1000 0111 1001 



Move 
Word 



Reg#4 



Absolute 
Long 



Address 
Register 
Direct 



MEMORY ADDRESS MODES 

These effective addressing modes specify that the operand 
is in memory and provide the specific address of the operand. 



Address Register Indirect 

The address of the operand is in the address register specified 
by the register field. The reference is classified as a data refer- 
ence with the exception of the jump and jump to subroutine 
instructions. 



MPU 



IXXXX 12341 DO 



iOOOOIOOOl AO 




MOVE (AO), DO 



COMMENTS 
• EA = (An) 



• Machine Level Coding 
MOVE (AO). 00 
0011 000 00 01 0000 



Move 
Word 



x 

Data 

Register 

Direct 



Reg #0 



Reg #0 



ARI 

(Address 
Register 
Indirect) 
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Address Register Indirect With Postincrement 

The address of the operand is in the address register specified 
by the register field. After the operand address is used, it is 
incremented by one, two, or four depending upon whether 
the size of the operand is byte, word, or long word. If the 



address register is the stack pointer and the operand size is 
byte, the address is incremented by two rather than one to 
keep the stack pointer on a word boundary. The reference is 
classified as a data reference. 



EXAMPLE 

MPU MEMORY 



1000001001 A4 
1000001021 



$100 



MOVE (A4) +,$2000 



OWL 
OWL + 2 



2000 



COMMENTS 

• EA = (An); An + M— ♦An 

Where An Address Register 
M -^1,2, or 4 

(Depending Whether 
Byte, Word, or 
Long Word) 

• Machine Level Coding 

MOVE (A4) +, $2000 
0011 0001 1101 1100 



Move _ 
Word Absolute 



I 

Reg ^ 



ARI with 
jncrennent 



Address Register Indirect With Predecrement 

The address of the operand is in the address register specified 
by the register field. Before the operand address is used, it is 
decremented by one, two, or four depending upon whether 
the operand size is byte, word, or long word. If the address 



register is the stack pointer and the operand size is byte, the 
address is decremented by two rather than one to keep the 
stack pointer on a word boundary. The reference is classified 
as a data reference. 



1000001001 A3 
lOOOOOOFEl 



MOVE - (A3), $4000 



$OOFE 
$0100 



$4000 



OWL 
OWL + 2 



1234 



1234 



31 E3 



COMMENTS 

• An-M-*-An; EA = (An) 

Where An -»- Address Register 
M -^1,2,or4 

(Depending Whether 
Byte, Word, or 
Long Word) 

• Machine Level Coding 

MOVE - (A3), $4000 



00 n 

Move 
Word 



0001 1110 0011 



Absolute 
Short 



ARI 
with 
Predic- 
rement 



Reg #3 
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Addrais Register Indirect With Displacement 

This address mode requires one word of extension. The ad- 
dress of the operand is the sum of the address in the address 



register and the sign-extended 16-bit displacement integer in 
the extension word. The reference is classified as a data refer- 
ence with the exception of the jump to subroutine instructions. 



EXAMPLE 

MPU MEMORY 



lOOOOIOOOl AO 



$1100 



$3000 



COMMENTS 

• EA = An + di6 

Where An — ^Pointer Register 

di« — »-16-Bit Displacement 

• di« Displacement is Sign Extended 

• Machine Level Coding 

MOVE $100( AO), $3000 
0011 0001 11 10 1000 



I 

Move 
Word 





4 


Absolute 


Reg #0 


Short 



ARI 

with 

Displacement 



MOVE $100(A0). $3000 

ADDRESS 
CALCULATION. 
AO -00001000 



OWL 
OWL + 2 
OWL + 4 



00001100 



3000 



Address Register Indirect With Index 

This address mode requires one word of extension. The 
address of the operand is the sum of the address in the address 
register, the sign-extended displacement integer in the low order 



eight bits of the extension word, and the contents of the index 
register. The reference is classified as a data reference with the 
exception of the jump and jump to subroutine instructions. 



I00002BDCI DO 
100002000 1 AO 



MOVE $04(A0, 00), 
$1000 

ADDRESS 
CALCULATION: 
AO - 00002000 
DO - 00002BDC 
d "00000004 
000O4BE0 



$1000 



$4BE0 



OWL 
OWL + 2 
OWL + 4 



COMMENTS 

• EA = An + Rx + dn 

Where 
An — Pointer Register 
Rx — Designated Index Register, 

(Either Address Register or 

Data Register) 
dH — »■ 8-Bit Displacement 

• Rx & d« are Sign Extended 

• Rx may be Word or Long Word 

Long Word may be Designated with Rx.L 

• Machine Level Coding 

MOVE $04(A0. DO). $1000 
0011 0001 1111 0000 



Move 
Word 



Absolute 
Short 



Reg #0 



T 

ARI 
with 
Index 

0000 0000 0000 0100 
dTa^ wI ^ gfei^ 



Reg #0 



Constant Zeros 
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SPECIAL ADDRESS MODE 

The special address modes use the effective address register 
field to specify the special addressing mode instead of a register 
number. 



Absolute Short Address 

This address mode requires one word of extension. The ad- 
dress of the operand is the extension word. The 16-bit address 
is sign extended before it is used. The reference is classified 
as a data reference with the exception of the jump and jump 
to subroutine instructions. 



EXAMPLE 



COMMENTS 

• EA » (Next Word) 

• 16-Bit Word is Sign Extended 



$2000 
$2002 



FFFF -*0000 



0000 -►FFFF 



• Machine Level Coding 
NOT.L $2000 

0100 0110 1011 1000 



L.W. 



Not Instruction 



Absolute 
Short 



NOT.L $2000 



OWL 
OWL + 2 



EXAMPLE 

MPU MEMORY 



COMMENTS 

• EA = (Next Word) 

• 16-Bit Word is Sign Extended 



MOVE $1000, $2000 



$1000 



$2000 1234 



OWL 
OWL + 2 
OWL + 4 




1000 



• Machine Level Coing 
MOVE $1000, $2000 
0011 0001 1111 1000 



Mo^ 
Word 



Absolute 
Short 



Absolute 
Short 
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Absolute Long Address 

This address mode requires two words of extension. The 
address of the operand is developed by the concatenation of 
the extension words. The high-order part of the address is the 



first extension word; the low-order part of the address is the 
second extension word. The reference is classified as a data 
reference with the exception of the jump and jump to sub- 
routine instructions. 



MPU 



MEMORY 



COMMENTS 

• EA = (Next Two Words) 



NEG $014000 



$14000 



OWL 
OWL + 2 
OWL + 4 



0001 ->FFFF 



4479 



• Machine Level Coding 
NEG $014000 
0100 0100 0111 



1001 



NEG 
Instruction 



. Size 



Absolute 
Long 



Program Counter With Displacement 

This address mode requires one word of extension. The 
address of the operand is the sum of the address in the program 
counter and the sign-extended 16-bit displacement integer in 



the extension word. The value in the program counter is the ad- 
dress of the extension word. The reference is classified as a pro- 
gram reference. 



MEMORY 




ADDRESS 
CALCULATION: 
PC * 00008002 



COMMENTS 

• EA = (PC) + d,4 

• di« IS Sign Extended 

• Machine Level Coding 

MOVE (LABEL). DO 



0011 0000 0011 1010 



I 



Move Data 
Word Register 
Direct 



PC with 
Displacement 
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Program Counter With Index 

This address mode requires one word of extension. This 
address is the sum of the address in the program counter, the 
sign-extended displacement integer in the lower eight bits of 
the extension word, and the contents of the index register. 
The value in the program counter is the address of the extension 
word. This reference is classified as a program reference. 



EA = (PC) + (Rx) +d„ 



Beginning 
Address of 
Data Table 



Desired Data ) 
Location in Table J 



PC Value Instruction 



PC + d, - 



PC + ds + Rx - 



Data 
Table 



(NOTE) 

Extension Word 
15 14 13 12 n 10 9 8 7 6 



W/L 












Displacement Integer 



D/A : Data Register « 0, Address Register « 1 

Register Index Register Number 

W/L : Sign-extented. low order Word integer 
in Index Register « 
Long Word in Index Register » 1 



MPU 



MEMORY 



|XXXX3456 ]D0 



[00001010 1 A0> 



MOVE (LABEL) (AO). DO 



ADDRESS 
CALCULATIONS. 
PC = 00008002 
AO =00001010 
d =00000010 
00009022 




303B 



8010 



COMMENTS 

• EA = (PC) + (Rx) +d. 

Where 

PC— ♦•Current Program Counter 
Rx—*> Designated Index Register 
(Either Data or Address Register) 
da — »>8-Bit Displacement 

• Rx and da are Sign Extended 

• Rx may be Word or Long Word 
Long Word is Designated with Rx.L 

• Machine Level Coding 

MOVE (LABEL) (AO), DO 



0011 0000 0011 



1011 

P^ witF 
Index 



Data Register 
Direct 



1000 



Address 
Register 



0000 00010000 



Register 
Number 



I 8-B 



Bit Displacement 



Constant Zeros 



Index Length 
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limiMdiate Data 

This address mode requires either one or two words of ex- 
tension depending on the size of the operation. 

Byte operation - operand is low order byte of extension 
word 

Word operation — operand is extension word 
Long word operation - operand is in the two extension 
words, high-order 16 bits are in the first extension word, 
low-order 16 bits are in the second extension word. 



Extension Word 





8,7 







1^^ 




o; 


Byte 




15 


or 







Word 


15 


or 











High Order 








Low Order 






MOVE #$1000. AO 



COMMENTS 

• Data = Next Word(s) 

• Data IS Sign Extended 
for Address Register 
but not Data Register 

• Machine Level Coding 
MOVE #$1000, AO 
0011 0000 0111 1100 



I 

Move 
Word 





4 


Reg #0 


Immediate 


Data 



Address 
Register 
Direct 



EXAMPLE 
MPU MEMORY 




COMMENTS 

• Inherent Data 

• Data is Sign Extended to Long Word 

• Destination must be a Data Register 

• Machine Level Coding 
MOVEQ #$5A, D3 
0111 Oil 0101 1010 



!■ 

Move 
Quick 



Reg #3 Fixed Immediate 
Zero Data 



OWL 



MOVEQ #$5A. 03 
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Condition Codes or Status Register 

A selected set of instructions may reference the status regis- 
ter by means of the effective address field. These are: 
ANDI to CCR 
AND! to SR 
EORI to CCR 

EORItoSR EXAMPLE 
ORItoCCR MPU MEf 

ORI to SR 
MOVE to CCR 
MOVE to SR 
MOVE from SR 





COMMENTS 

• EA » (Next Word) 

• Note: This Example is a Privileged 
Instruction 

• Machine Level Coding 
MOVE $1020. SR 

0100 OnO 1111 1000 

Move to SR Absolute 
Short 



MOVE $1020, SR 



OWL 
OWL + 2 



46F8 



• EFFECTIVE ADDRESS ENCODING SUMMARY 

Table 4 is a summary of the effective addressing modes dis- 
cussed in the previous paragraphs. 

Table 4 Effective Address Encoding Summary 



Addressing Mode 


Mode 


Register 


Data Register Direct 


000 


register number 


Address Register Direct 


001 


register number 


Address Register Indirect 


010 


register number 


Address Register Indirect with 
Postincrement 


Oil 


register number 


Address Register indirect with 
Predecrement 


100 


register number 


Address Register Indirect with 
Displacement 


101 


register number 


Address Register Indirect with 
Index 


110 


register number 


Absolute Short 


111 


000 


Absolute Long 


111 


001 


Program Counter with 
Displacement 


111 


010 


Program Counter with Index 


111 


Oil 


Immediate 


111 


100 



• IMPLICIT REFERENCE 

Some instructions make implicit reference to the program 
counter (PC), the system stack pointer (SP), the supervisor 



stack pointer (SSP), the user stack pointer (USP), or the status 
register (SR). 

SYSTEM STACK 

The system stack is used implicitly by many instructions; 
user stacks and queues may be created and maintained through 
the addressing modes. Address register seven (A7) is the system 
stack pointer (SP). The system stack pointer is either the super- 
visor stack pointer (SSP) or the user stack pointer (USP), de- 
pending on the state of the S-bit in the status register. If the 
S-bit indicates supervisor state, SSP is the active system stack 
pointer, and the USP cannot be referenced as an address re- 
gister. If the S-bit indicates user state, the USP is the active 
system stack pointer, and the SSP cannot be referenced. Each 
system stack fills from high memory to low memory. 

SYSTEM STACK POINTERS 

Supervisor Stack 
A7' 



• Accessed when S * 

• PC IS Stacked on 
Subroutine Calls in 
User State 

• Increasing Addresses 



• Accessed when S = 1 

• PC is Stacked on 
Subroutine Calls in 
Supervisor State 

• Used for Exception 
Processing 
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The address mode SP @ - creates a new item on the active 
system stack, and the address mode SP (^-t- deletes an item from 
the active system stack. 

The program counter is saved on the active system stack on 
subroutine calls, and restored from the active system stack on 
returns. On the other hand, both the program counter and the 
status register are saved on the supervisor stack during the 
processing of traps and interrupts. Thus, the correct execution 
of the supervisor state code is not dependent on the behavior 
of user code and user programs may use the user stack pointer 
arbitrarily. 

In order to keep data on the system stack aligned properly, 
data entry on the stack is restricted so that data is always put 
in the stack on a word boundary. Thus byte data is pushed on 
or pulled from the system stack in the high order half of the 
word; the lower half is unchanged. 

USER STACKS 

User stacks can be implemented and manipulated by employ- 
ing the address register indirect with postincrement and pre- 
decrement addressing modes. Using an address register (on of 
AO through A6), the user may implement stacks which are filled 
either from high memory to low memory, or vice versa. The 
important things to remember are : 

- using predecrement, the register is decremented before its 
contents are used as the pointer into the stack, 

- using postincrement, the register is incremented after its 
contents are used as the pointer into the stack, 

- byte data must be put on the stack in pairs when mixed 
with word or long data so that the stack will not get 
misaligned when the data is retrieved. Word and long 
accesses must be on word boundary (even) addresses. 

Stack growth from high to low memory is implemented with 
An@- to push data on the stack, 
An@+ to pull data from the stack. 
After eigher a push or a pull operation, register An points to 
the last (top) item on the stack. This is illustrated as: 



low memory 



(free) 



top of stack 



bottom of stack 



high memory 



Stack growth from low to high memory is implemented with 
An@-t- to push data on the stack, 
An@- to pull data from the stack. 
After either a push or a pull operation, register An points to 
the next available space on the stack. This is illustrated as: 



low memory 



bottom of stack 



z 



z 



top of stack 



(free) 



high memory 



QUEUES 

User queues can be implemented and manipulated with the 
address register indirect with postincrement or predecrement 
addressing modes. Using a pair of address registers (two of AO 
through A6), the user may implement queues which are filled 
either from high memory to low memory, or vice versa. Because 
queues are pushed from one end and pulled from the other, two 
registers are used: the put and get pointers. 

Queue growth from low to high memory is implemented with 
Aput^^+ to put data into the queue, 
Aget(®+ to get data from the queue. 

After a put operation, the put address register points to the 
next available space in the queue and the unchanged get address 
register points to the next item to remove from the queue. 
After a get operation, the get address register points to the next 
item to remove from the queue and the unchanged put address 
register points to the next available space in the queue. This is 
illustrated as. 



low memory 



Aget- 



last get (free) 



next get 



z 



Aput- 



z 



last put 



(free) 



high memory 



If the queue is to be implemented as a circular buffer, the 
address register should be checked and, if necessary, adjusted 
before the put or get operation is performed. The address regis- 
ter is adjusted by subtracting the buffer length (in bytes). 

Queue growth from high to low memory is implemented with 
Aput@- to put data into the queue, 
Aget@ - to get data from the queue. 

After a put operation, the put address register points to the 
last item put in the queue, and the unchanged get address 
register points to the last item removed from the queue. After a 
get operation, the get address register points to the last item 
removed from the queue and the unchanged put address register 
points to the last item put in the queue. This is illustrated as: 
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Aput- 



(free) 



7 



Aget- 



7 



last get (free) 



high memory 



If the queue is to be implemented as a circular buffer, the 
get or put operation should be performed first, and then the 
address register should be checked and, if necessary, adjusted 
The address register is adjusted by adding the buffer length 
(m bytes). 

■ INSTRUCTION SET SUMMARY 

The following paragraphs contain an overview of the form 
and structure of the 68000 instruction set. The instructions 
form a set of tools that include all the machine functions to 
perform the following operations : 

Data Movement 

Integer Arithmetic 

Logical 

Shift and Rotate 

Bit Manipulation 

Binary Coded Decimal 

Program Control 

System Control 
The complete range of instruction capabilities combined 
with the flexible addressing modes described previously pro- 
vide a very flexible base for program development. 

• DATA MOVEMENT OPERATIONS 

The basic method of data acquisition (transfer and storage) 
is provided by the move (MOVE) instruction. The move instruc- 
tion and the effective addressing modes allow both address 
and data manipulation. Data move instructions allow byte, 
word, and long word operands to be transferred from memory 
to memory, memory to register, register to memory, and regis- 
ter to memory, and register to register. Address move instruc- 
tions allow word and long word operand transfers and ensure 
that only legal address manipulations are executed. In addition 
to the general move instruction there are several special data 
movement instructions: move multiple registers (MOVEM), 
move peripheral data (MOVEP), exchange registers (EXG), 
load effective address (LEA), push effective address (PEA), 



link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 5 is a summary of the data movement 
operations. 

Table 5 Data Movement Operations 



Instruction 


Operand Size 


Operation 


EXG 


32 


Rx ^ Ry 


LEA 


32 


EA-* An 


LINK 


- 


/An->-(SP) 
SP-*An; 

\ CD A. ri CD 

\ or + u ^ or 


MOVE 


8,16, 32 


(EA)s-*EAd 


MOVEM 


16, 32 


(EA) An, Dn 
An, Dn EA 


MOVEP 


16, 32 


(EA) -> Dn 
Dn->EA 


MOVEO 


8 


#xxx Dn 


PEA 


32 


EA-^-(SP) 


SWAP 


32 


Dn[31:16] ^Dn[15:0] 


UNLK 




/An-^Sp; 
V(SP) + -fAn 


(NOTES) 
s " source 
d * destination 


-( ) 
( ) + 


= indirect with predecrement 
= indirect with postincrement 



[ 1 ■ bit numbers 



= immediate data 



• INTEGER ARITHMETIC OPERATIONS 

The arithmetic operations include the four basic operations 
of add (ADD), subtract (SUB), multiply (MUL), and divide 
(DIV) as well as arithmetic compare (CMP), clear (CLR), and 
negate (NEG). The add and subtract instructions are available 
for both address and data operations, with data operations 
accepting all operand sizes. Address operations are limited 
to legal address size operands (16 or 32 bits). Data, address, 
and memory compare operations are also available. The clear 
and negate instructions may be used on all sizes of data oper- 
ands. 

The multiply and divide operations are available for signed 
and unsigned operands using word multiply to produce a long 
word product, and a long word dividend with word divisor to 
produce a word quotien with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplish- 
ed using a set of extended instructions. These instructions are: 
add extended (ADDX), subtract extended (SUBX), sign extend 
(EXT), and negate binary with extend (NEGX). 

A test operand (TST) instruction that will set the condition 
codes as a result of a compare of the operand with zero is also 
available. Test and set (TAS) is a synchronization instruction 
useful in multiprocessor systems. Table 6 is a summary of 
the integer arithmetic operations. 
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Table 6 Integer Arithmetic Operations 



Instruction 


Operand Size 


Operation 


ADO 


8, 16. 32 
16,32 


Dn + (EA) Dn 
(EA)+ On ■> EA 
(EA) + #xxx EA 
AN + (EA) An 


ADDX 


8, 16, 32 
16,32 


Dx + Dy + X Dx 

-(Ax) + - (Ay) + X (Ax) 


CLR 


8, 16. 32 


(EA) MPU 
-*■ EA 


CMP 


8, 16. 32 
16.32 


Dn - (EA) 
(EA) - #xxx 
(Ax) + - (Ay) + 
An - (EA) 


DIVS 


32 •M6 


Dn4-(EA)-^ Dn 


OIVU 


32 4-16 


Dn-^(EA)-^ Dn 


EXT 


8-^16 
16-^32 


(Dn)8 Dn,6 
(On) 16 Dn32 


MULS 


16x16 -♦32 


Dnx(EA)-^Dn 


MULU 


16x16 32 


unx(cAi un 


NEG 


8. 16. 32 


U - (cA; cA 


NEGX 


8, 16, 32 


- (EA) - X - EA 


SUB 


8.16,32 
16,32 


Dn - (EA) - Dn 
(EA)-Dn-EA 
(EA) - #xxx - EA 
An - (EA) An 


SUBX 


8, 16, 32 


Dx - Dy - X Dx 

-(Ax) - - (Ay) - X - (Ax) 


TAS 


8 


(EA)-0,1-^EA(7] 


TST 


8, 16. 32 


(EA)-O 



(NOTE) ( ] - bit number 

- ( ) = indirect with predecrement 
( ) + = indirect with postincrement 
# = immediate data 

• LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT 
arc available for all sizes of integer data operands. A similar 
set of immediate instructions (AND!, ORI, and EORI) provide 
these logical operations with all sizes of immediate data. Table 
7 is a summary of the logical operations. 



Table 7 Logical Operations 



Instruction 


Operand Size 


Operation 


AND 


8, 16. 32 


DnAlEA)- Dn 
(EA)ADn - EA 
(EA)a s^xxx — EA 


OR 


8, 16, 32 


Dn V (EA) - Dn 
(EA) V Dn - EA 
(EA) V -XXX — EA 


EOR 


8, 16, 32 


(EA)®Dy- EA 
(EA)® #xxx - EA 


NOT 


8. 16, 32 


~ (EA) - EA 



(NOTE) ~ = invert 

V « logical OR 
#« immediate data 
A « logical AND 
® « exclusive OR 

• SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by the 
arithmetic instructions ASR and ASL and logical shift instruc- 
tions LSR and LSL. The rotate instructions (with and without 
extend) available are ROXR, ROXL, ROR, and ROL. All 



shift and rotate operations can be performed in either registers 
or memory. Register shifts and rotates support all operand 
sizes and allow a shift count specified in the instruction of 
one to eight bits, or to 63 specified in a data register. 

Memory shifts and rotates are for word operands only and 
allow only single-bit shifts or rotates. Table 8 is a summary 
of the shift and rotate operations. 

Table 8 Shift and Rotate Operations 



Operand Size 



ASR 



ROL 



ROR 



ROXL 



8.16. 32 



8. 16.32 



8. 16,32 



8. 16. 32 



8. 16.32 



8, 16, 32 



8. 16. 32 



Operation 



• BIT MANIPULATION OPERATIONS 

Bit manipulation operations are accomplished using the 
following instructions: bit test (BTST), bit test and set (BSET), 
bit test and clear (BCLR), and bit test and change (BCHG). 
Table 9 is a summary of the bit manipulation operations. 
(Bit 2 of the status register is Z.) 



Table 9 Bit Manipulation Operations 



Instruction 


Operand Size 


Operation 


BTST 


8.32 


~ bit of (EA) - 2 


BSET 


8. 32 


bit of (EA) - Z; 
\1 - bit of EA 


BCLR 


8,32 


bit of (EA) - 2; 
\0 - bit of EA 


BCHG 


8. 32 


/ - bit of (EA) - 2; 

V ~ bit of (EA) - bit of EA 



(Note) ~ = invert 

• BINARY CODED DECIMAL OPERATIONS 

Multiprecision arithmetic operations on binary coded deci> 
mal numbers are accomplished using the following instructions: 
add decimal with extend (ABCD), subtract decimal with extend 
(SBCD), and negate decimal with extend (NBCD). Table 10 is 
a summary of the binary coded decimal operations. 

Table 10 Binary Coded Decimal Operations 



Instruction 


Operand Size 


Operation 


ABCD 


8 


Dx,o +Dy,o + X - Dx 
-(Ax),o +-(Ay),o +X-^(Ax) 


SBCD 


8 


Dx,o -Dy,o - X - Dx 

- (Ax),o --(Ay),o -X-*(Ax) 


NBCD 


8 


- (EA),o - X - EA 



- ( ) = indirect with predecrement 
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• PROGRAM CONTROL OPERATIONS 

Program control operations are accomplished using a series 
of conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 1 1 . 

The conditional instructions provide setting and branching 
for the following conditions: 



cc 


- carry clear 


LS 


- low or same 


cs 


- carry set 


LT 


- less than 


EQ 


- equal 


MI 


- minus 


F 


- never true 


NE 


- not equal 


GE 


- greater or equal 


PL 


- plus 


GT 


- greater than 


T 


- always true 


HI 


- high 


VC 


— no overflow 


LE 


- less or equal 


vs 


— overflow 



Table 1 1 Program Control Operations 



Instruction 


Operation 


Conditional 




Bee 


Branch conditionally (14 conditions) 




8- and 16-bit displacenient 


DBcc 


Test condition, decrenr)ent, and branch 




16-bit displacement 


Sec 


Set byte conditionally (16 conditions) 


Unconditional 




BRA 


Branch always 




8-and 16-bit dispiacennent 


BSR 


Branch to subroutine 




8-and 16-bit displacement 


JMP 


Jump 


JSR 


Jump to subroutine 


Raturns 




RTR 


Return and restore condition codes 


RTS 


Return from subroutine 



• SYSTEM CONTROL OPERATIONS 

System control operations are accomplished by using privi- 
leged instructions, trap generating instructions, and instructions 
that use or modify the status register. These instructions are 
summarized in Table 12. 

Table 12 System Control Operations 



Instruction 


Operation 


Privileged 




RESET 


Reset external devices 


RTE 


Return from exception 


STOP 


Stop program execution 


ORI to SR 


Logical OR to status register 


MOVE USP 


Move user stack pointer 


ANDI to SR 


Logical AND to status register 


EORI to SR 


Logical EOR to status register 


MOVE EA to SR 


Load new status register 


Trap Generating 




TRAP 


Trap 


TRAPV 


Trap on overflow 


CHK 


Check register against bounds 


Status Register 




ANDI to CCR 


Logical AND to condition codes 


EORI to CCR 


Logical EOR to condition codes 


MOVE EAtoCCR 


Load new condition codes 


ORI to CCR 


Logical OR to condition codes 


MOVE SR to EA 


Store status register 



• BRANCH INSTRUCTION ADDRESSING 

BRANCH INSTRUCTION FORMAT 
15 8 7 

Operation Word 
Extension Word 



Operation Code 



8 bit Displacement 



16 bit Displacement if 8 bit Displacement = 



RELATIVE. FORWARD REFERENCE. 8-BIT OFFSET 



EXAMPLE 

MPU MEMORY 



$5000 671 E 



COMMENTS 

• Offset Contained in 8 LSBs of Op Word 

• Offset is 2's Complement Number 

f If Offset = then Word Offset is Used 

• Machine Level Coding 

BEQ NEXT 



0110 0111 0001 
Branch 



Branch If 
Equal 



1110 



BEQ NEXT 

PC + 2 » 5002 
d = 001E 
5020 



$5020 



Next OP Code 
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RELATIVE. BACKWARD REFERENCE 8 BIT OFFSET 



EXAMPLE 
MPU MEMORY 



$4000 Next OP Code 



COMMENTS 

• Offset Contained in 8 LSBs 
of Op Word 

• Offset is 2's Complement Number 

* If Offset - then Word 
Offset is Used 

* Machine Level Coding 
BNE NEXT 

0110 0110 1101 1110 



Branch 



Brlnch If' 
Not Equal 



Offset 



BNE NEXT 



$4020 



PC + 2 = 4022 
d = FFDE 
4000 



RELATIVE. FORWARD REFERENCE. 16-BIT OFFSET 



EXAMPLE 
MPU MEMORY 



$4000 
$4002 



COMMENTS 

• Offset in Next Word 

• 8-Bit Offset Field = 

• 2's Complement Offset 

• Machine Level Coding 
Bcc NEXT 

0110 0100 0000 0000 
Branch | Zero Offset 



Branch If 
Carry Clear 



Bcc NEXT 

PC + 2 = 4002 
d = -t- 1000 
5002 



$5002 



Next OP Code 
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■ SIGNAL AND BUS OPERATION DESCRIPTION 

The following paragraphs contain a brief description of the 
input and output signals. A discussion of bus operation during 
the various machine cycles and operations is also given. 

(NOTE) The terms assertion and negation will be used extensively. 

This IS done to avoid confusion when dealing with a mixture 
of "active-low" and "active-high" signals. The term assert or 
assertion is used to indicate that a signal is active or true in- 
dependent of whether that voltage is low or high. The torm 
negate or negation is used to indicate that a signal is inactive or 
false. 



Read/Write (R/W) 

This signal defines the data bus transfer as a read or write 
cycle. The R/W signal also works in conjunction with the upper 
and lower data strobes as explained in the following paragraph. 

Upper and Lower Data Strobes (UDS, LDS) 

These signals control _the data on the data bus, as shown 
in Table 13. When the R/W line is high, the processor will read 
from the data bus as indicated. When the R/W line is low, the 
processor will write to the data bus as shown. 



• SIGNAL DESCRIPTION 

The input and output signals can be functionally organized 
into the groups shown in Figure 14. The following paragraphs 
provide a brief description of the signals and also a reference 
(if applicable) to other paragraphs that contain more detail 
about the function being performed. 



Table 13 Data Strobe Control of Data Bus 



HD6800 

Peripheral 

Control 

System 
Control 



Vcc (2) t 
VSS(2) I 


68000 


AddressK 


CLK 


(jpata Bu^ 
A§ 




R/W ^ 


ui5s ^ 


Ft. 






Microprocessor 


^DTACK 




^ BR N 


^VMA 




VPA ^ 






^JPU , 






^ IPL2 



Asynchronous 
Bus 
Control 

Bus 
Arbitration 
Control 

Interrupt 
Control 



Figure 14 Input and Output Signals 



ADDRESS BUS (Ai through A23) 

This 23-bit, unidirectional, three-state bus is capable of 
addressing 8 megawords of data. It provides the address for bus 
operation during all cycles except interrupt cycles. During 
interrupt cycles, address lines Ai, A2, and A3. Provide infor- 
mation about what level interrupt is being serviced while address 
lines A4 through A23 are all set to a logic high. 

DATA BUS (Do through Dis ) 

This 16-bit, bidirectional, three-state bus is the general 
purpose data path. It can transfer and accept data in either 
word or byte length. During an interrupt acknowledge cycle, 
an external device supplies the vector number on data lines 
Do through D7. 

ASYNCHRONOUS BUS CONTROL 

AsynchroAous data transfer are handled using the following 
control signals: address strobe, read/write, upper and lower 
data strobes, and data transfer acknowledge. These signals 
are explained in the following paragraphs. 

Address Strobe (AS) 

This signal indicates that there is a valid address on the 
address bus. 



UDS 


LDS 


R/W 


Dg-D.s 


D0-D7 


High 


High 




No valid data 


No valid data 


Low 


Low 


High 


Valid data bits 
8-15 


Valid data bits 
0-7 


High 


L ow 


High 


No valid data 


Valid data bits 
0-7 


Low 


High 


High 


Valid data bits 
8-15 


No valid data 


Low 


Low 


Low 


Valid data bits 
8-15 


Valid data bits 
0-7 


High 


Low 


Low 


Valid data bits 
0-7* 


Valid data bits 
0-7 


Low 


High 


Low 


Valid data bits 
8-15 


Valid data bits 
8-15* 



' These conditions are a result of current implementation and may not 
appear on future devices 



Data Transfer Acknowledge (DTACK) 

This input indicates that th e data t ransfer is completed. 
When the processor recognizes DTACK during a rea d cycle, 
data is latched and the bus cycle terminated When DTACK 
is recognized during a write cycle, the bus cycle is terminated. 
(Refer to ASYNCHRONOUS VERSUS SYNCHRONOUS OP- 
ERATION) 

BUS ARBITRATION CONTROL 

These three signals form a bus arbitration circuit to deter- 
mine which device will be the bus master device. 
Bus Request (BR) 

This input is wire ORed with all other devices that could 
be bus masters. This input indicates to the processor that 
some other device desires to become the bus master. 

Bus Griint (BG) 

This output indicates to all other potential bus master 
devices that the processor will release bus control at the end 
of the current bus cycle. 



Bus Grand Acknowledge (BGACK) 

This input indicates that some other device has become the 
bus master This signal cannot be asserted until the following 
four conditions are met 

( 1 ) A Bus Grant has been received 

(2) Address Strobe is inactive which indicates that the 
microprocessor is not using the bus 

(3) Data Transfer Acknowledge is inactive which indicates 
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that neither memory nor peripherals are using the bus 
(4) Bus Grant Acknowledge is inactive which indicates that 
no other device is still claiming bus mastership. 

INTERRUPT CONTROL (TPLo, IPL, . flPLj) 

These input pms indicate the encoded priority level of the 
device requesting an interrupt Level seven is the highest priority 
while level zero indicates that no interrupts are requested. 
Level seven can not be masked. The least significant bit is given 
in IPLo and the most significant bit is contained in IPO. 
These lines must remain stable until the processor signals inter- 
rupt acknowledge (FCo FC2 are all high) to insure that the 
interrupt is recognized. 

SYSTEM CONTROL 

The system control inputs are used to either reset or halt 
the processor and to indicate to the processor that bus errors 
have occurred The three system control inputs are explained 
in the following paragraphs. 



Bus Error (BERR) 

This input informs the processor that there is a problem 
with the cycle currently being executed. Problems may be a 
result of. 

( 1 ) Nonresponding devices 

(2) Interrupt vector number acquisition failure 

(3) Illegal access request as determined by a memory man- 
agement unit 

(4) Other application dependent errors. 

The bus error signal interacts with the halt signal to deter- 
mine if exception processing should be performed or if the 
current bus cycle should be retried. 

Refer to BUS ERROR AND HALT OPERATION paragraph 
for additional information about the interaction of the bus 
error and halt signals. 

Reset (RES) 

This bidirectional signal line acts to reset (initiate a system 
initialization sequence) the processor in response to an external 
reset signal. An internally generated reset (result of a RESET 
instruction) causes all external devices to be reset and the 
internal state of the processor is not affected. A total system 
reset (processor and external devices) is the result of external 
HALT and RESET signals applied at the same time. Refer to 
RESET OPERATION paragraph for additional information 
about reset operation. 



Halt (HALT) 

When this bidirectional line is driven by an external device, 
it will cause the processor to stop at the completion of the 
current bus cycle. When the processor has been halted using 
this input, all control signals are inactive and all three-state lines 
are put in their high-impedance state. Refer to BUS ERROR 
AND HALT OPERATION paragraph for additional information 
about the interaction between the halt and bus error signals. 

When the processor has stopped executing instructions, such 
as in a double bus fault condition, the halt line is driven by the 
processor to indicate to external devices that the processor has 
stopped. 

HMCS6800 PERIPHERAL CONTROL 

These control signals are used to allows the interfacing of syn- 
chronous HD6800 peripheral devices with the asynchronous 
68000. These signals are explained in the following paragraphs. 



Enable (E) 

This signal is the standard enable signal common to all 
HD6800 type peripheral devices. The period for this output is 
ten 68000 clock periods (six clocks low; four clocks high). En- 
able is generated by an internal ring counter which may come 
up in any state (i.e., at power on, it is impossible to guarantee 
phase relationship of E to CLK), E is a free-running clock and 
runs regardless of the state of the bus on the MPU. 

Valid Peripheral Address (VPA) 

This input indicates that the device or region addressed is a 
HD6800 family device and that data transfer should be syn- 
chronized with the enable (E) signal. This input also indicates 
that the processor should use automatic vectoring for an inter- 
rupt. Refer to INTERFACE WITH HD6800 PERIPHERALS. 
ALS. 

Valid Memory Address (VMA) 

This output is used to indicate to HD6800 peripheral devices 
that there is a valid address on the address bus and the processor 
is synchronized to enabl e. This signal only responds to a valid 
peripheral address (VPA) input which indicates that the periph- 
eral is a HD6800 family device. 

PROCESSOR STATUS (FCq, FC, , FC2) 

These function code outputs indicate the state (user or 
supervisor) and the cycle type currently being executed, as 
shown in Table 14. The information indicated by the function 
code outputs is valid whenever address strobe (AS) is active. 



Table 14 Function Code Outputs 



FC2 


FC, 


FCo 


Cycle Type 


Low 


Low 


Low 


(Undefined, Reserved) 


Low 


Low 


High 


User Data 


Low 


High 


Low 


User Program 


Low 


High 


High 


(Undefined, Reserved) 


High 


Low 


Low 


(Undefined, Reserved) 


High 


Low 


High 


Superviser Data 


High 


High 


Low 


Supervisor Program 


High 


High 


High 


Interrupt Acknowledge 



CLOCK (CLK) 

The clock input is a TTL-compatible signal that is internally 
buffered for development of the internal clocks needed by the 
processor. The clock input should not be gated off at any time, 
and the clock signal must conform to minimum and maximum 
pulse width time. 

SIGNAL SUMMARY 

Table IS is a summary of all the signals discussed in the 
previous paragraphs. 

• BUS OPERATION 

The following paragraphs explain control signal and bus 
operation during data transfer operations, bus arbitration, bus 
error and halt conditions, and reset operation. 
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Table 1 5 Signal Summary 



Signal Name 


Mnemonic 


Input/Output 


Active State 


Three State 


On gGACk 


On HALT 


Address Bus 


A| ~ Aj3 


output 


high 


yes 


yes 


Data Bus 


Do~D,s 


input/output 


high 


yes 


yes 


Address Strobe 


A^ 


output 


low 


yes 


no 


Read /Write 




R/W 


output 


read-high 
write-low 


yes 


no 


Upper and Lower Data Strobes 


UD5, 055 


output 


low 


yes 


no 


Data Transfer Acknowledge 


DTACK 


input 


low 


no 


no 


Bus Request 


BR 


Input 


low 


no 


no 


Bus Grant 


IS 


output 


low 


no 


no 


Bus Grant Acknowledge 


BGACK 


Input 


low 


no 


no 


Interrupt Priority Level 


!Pro.TPr,,lPL2 


input 


low 


no 


no 


Bus Error 


BERR 


input 


low 


no 


no 


Reset 


RES 


input/output 


low 


no* 


no* 


Halt 


HALT 


input/output 


low 


no* 


no* 


Enable 


E 


output 


high 


no 


no 


Valid Memory Address 


VMa 


output 


low 


yes 


no 


Valid Peripheral Address 


Wa 


input 


low 


no 


no 


Function Code Output 


FCo.FC.FCj 


output 


high 


yes 


no 


Clock 


CLK 


input 


high 


no 


no 


Power input 


Vcc 


input 








Ground 


Vss 


input 









* Open dram 



DATA TRANSFER OPERATIONS 

Transfer of data between devices involve the following leads: 

( 1 ) Address Bus A , through A23 

(2) Data Bus Do through D,5 

(3) Control Signals 

The address and data buses are separate parallel buses used 
to transfer data using an asynchronous bus structure. In all 
cycles, the bus master assumes responsibility for deskewing 
all signals it issues at both the start and end of a cycle. In 
addition, the bus master is responsible for deskewing the ac- 
knowledge and data signals from the slave device. 

The following paragraphs explain the read, write, and read- 
modify-write cycles. The indivisible read-modify-write cycle 
is the method used by the 68000 for interlocked multiprocessor 
communications. 

Read Cycle 

During a read cycle, the processor receives data from memo- 
ry or a peripheral device. The processor reads bytes of data 
m all cases. If the instruction specifies a word (or double word) 
operation, the processor reads both upper and lower bytes 
simultaneously by asserting both upper and lower data strobes. 
When the instruction specifies byte operation, the processor 
uses an internal Ao bit to determine which byte to read and 
then issues the data strobe required for that byte. For bytes 
operations, when the Ao bit equals zero, the upper data strobe 
is issued. When the Ao bit equals one, the lower data strobe is 
issued. When the data is received, the processor correctly posi- 
tions it internally. 

A word read cycle flow chart is given in Figure 15. A byte 



read cycle flow chart is given in Figure 16. Read cycle timing is 
given in Figure 17. Figure 18 details word and byte read cycle 
operations. Refer to these illustrations during the following 
detailed. 

At state zero (SO) in the read cycle, the address bus (Ai 
through A23) is in the high impedance state. A function code 
is asserted on the function code output line (FCo through FC2). 
The read/write (R/W) signal is switched high to indicate a read 
cycle. One half clock cycle later, at state 1 , the address bus is 
released from the high impedance state. The function code 
outputs indicate which address space that this cycle will operate 
on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid ad dress on th e address bus and the upper and 
lower data strobe (UDS, LDS) is asserted as required. The mem- 
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor- 
mation on the data bus. Concurrent with placing data on the 
data bus , the selected device asserts data transfer acknowledge 
(DTACK). 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, address strobe and the upper and/or lower 
data strobes are negated. The address bus is held valid through 
state 7 to allow for static memory operation and signal skew. 
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BUS MASTER 



SLAVE 



BUS MASTER 



SLAVE 



Address Device 

1) Set R/W to Read 

2) Place Function Code on FCo ~ FCj 

3) Place Address on Ai - 

4) Assert Address Strobe (AS) 

5) Assert Upper Data Strobe (UDS) and Lower 
Data Strobe iXIoS) 



Address Device 

1) Set RA^ to Read 

2) Place Function Code on FCo ~ FCj 

3) Place Address on Ai ~ A13 

4) Assert Address Strobe (AS) 

5) Assert Upper D ata St robe (UDS) or Low- 
er Data Strobe (LDS) (based on Ao) 



Input Data 

1) Decode Address 

2) Place Data on Do -^Dis 

3) Assert Da ta Transfer Acknowledge 
(DTACK) 



Input Data 

1 ) Decode Address 

2) Pla ce Da ta on Do -D, or D« -Du (based 
on UDS or LDS) 

3) Assert Da ta Transfer Acknowledge 
(DTACK) 



Acquire Data 

1 ) Latch Data 

2) Negate DTS? and Id? 

3) Negate?^ 



Terminate Cycle 

1) Remov e Data fr om Do '-Di$ 

2) Negate DTACK 



Acquire Data 

1 ) Latch Data 

2) Negate Ud5^ or 1155 

3) Negate AS 



Terminate Cycle 

1) Remov e Data fr om Do ~D7 or D» ~Dis 

2) Negate DTACK 



Start Next Cycle 



Start Next Cycle 



Figure 15 Word Read Cycle Flow Chart 



Figure 16 Byte Read Cycle Flow Chart 



SO SI S2 S3 S4 



w w w S5 S6 S7 



CLK 
Ai ~Aa3 
AS 
UDS 
LDf 
R/W 
DTACK 
D, ~D„ 
Do-D, 
FCo ~ FC, 



zm: 

/ — 
/ — 



7 — V. 



U- Read 



VVrite -^j-i ^ — — 



> 



> 
> 

DC 



Figure 17 Read and Write Cycle Timing Diagram 
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SO SI S2 S3 S4 S5 S6 S7 SO SI S2 S3 S4 S5 S6 S7 SO SI S2 S3 S4 S5 S6 S7 




R/W 

BTACK _y \ / f \ / — 

t>-o,. D ( ) — — — ( ) — 

Do^D, z> ( ; ^ ; 

^c^^c, ZD< X I= X XH 

•Internal Signal Only 

Word Read ---I-* -Odd Byte Read- "^^^^ ^^^A — 



Figure 18 Word and Byte Read Cycle Timing Diagram 



The read/write signal and the function code outputs also remain 
valid through state 7 to ensure a correct transfer operation. The 
slave device keeps its data asserted until it detects the negation 
of either the address strobe or the upper and/or lower data 
strobe. The slave device must remove its data and data transfer 
acknowledge within one clock period of recognizing the nega- 
tion of the address or data strobes. Note that the data bus might 
not become free and data transfer acknowledge might not be 
removed until state or 1 . 

When address strobe is negated, the slave device is released. 
Note that a slave device must remain selected as long as address 
strobe is asserted to ensure the correct functioning of the read- 
modify-write cycle. 

Write Cycle 

During a write cycle, the processor sends data to memory 
or a peripheral device. The processor writes bytes of data in 
all cases. If the instruction specifies a word operation, the pro- 
cessor writes both bytes. When the instruction specifies a byte 
operation, the processor uses an internal Aq bit to determine 
which byte to write and then issues the data strobe required 
for that byte. For byte operations, when the Ao bit equals /ero, 
the upper data strobe is issued. When the Aq bit equals one, 
the lower data strobe is issued. A word write cycle flow chart is 
given in Figure 19. A byte write cycle flow chart is given in 
Figure 20. Write cycle timing is given in Figure 17. Figure 21 
details word and byte write cycle operation. Refer to these 
illustrations during the following detailed discussion. 

At state zero (SO) in the write cycle, the address bus (Ai 
through A23) is in the high impedance state. A function code is 
asserted on the function code output line (FCo through FCj). 

(NOTE) The read/write (R/W) signal remains high until state 2 to pre- 
vent bus conflicts with preceding read cycles. The data bus is 
not driven until state 3. 



One half clock later, at state 1 , the address bus is released 
from the high impedance state. The function code outputs 
indicate which address space that this^cle will operate on. 

In state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. The memory 
or peripheral device uses the address bus and the address strobe 
to determine if it has been selected. During state 2, the read/ 
write signal is switched low to indicate a write cycle. When 
external processor data bus buffers are required, the read/write 
line provides sufficient directional control. Data is not asserted 
during this state to allow sufficient turn around time for ex- 
ternal data buffers (if used). Data is asserted onto the data bus 
during state 3. 

In state 4, the data strobes are asserted as required to indi- 
cate that the data bus is stable. The selected device uses the 
read/write signal and the data strobes to take its information 
from the dat a bus. T he selected device asserts data transfer 
acknowledge (DTACK) when it has successfuUy stored the data. 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. 

During state 7, address strobe and the upper and/or lower 
data strobes are negated. The address and data buses are held 
valid through state 7 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 7 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper and/or lower data strobe. The slave device must 
remove its data transfer acknowledge within one clock period 
after recognizing the negation of the address or data strobes. 
Note that the processor releases the data bus at the end of state 
7 but that data transfer acknowledge might not be removed 
until state or 1. When address strobe is negated, the slave 
device is released. 
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BUS MASTER 



BUS MASTER 



SLAVE 



Address Device 

1 ) Place Function Code on FCo ^ FCj 

2) Place Address on A| - An 
2) Assert Address strobe (AS) 

4) Set R/W to Write 

5) Place Data on Do ^ D,s 

6) Assert Upper Data S trobe (UDS) and 
Lower Data Strobe (LDS) 



Address Device 

1 ) Place Function Code on FCo ~ FCj 

2) Place Address orw A) ~ Aj 3 

3) Assert Address Strobe (^) 

4) Set R/W to Write 

5) Place Data on Do ~ D, or Db ~ D,s (according 
to Ao ) 

6) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) (based on Ao) 



Input Data 

1 ) Decode Address 

2) Store Data on Do ^D,5 

3) Assert Data Transfer Acknowledge 
(DTACK) 



Input Data 

1 ) Decode Address 

2) Store Data on Do ~ D7 if LDS i s asserted 

, Store Data on Dh ~ D,$ if UDS is asserted 

3) Assert Da ta Transfer Acknowledge 
(DTACK) 



Terminate Output Transfer 

1 ) Negate UDS and LDS 

2) Negate aS 

3) Remove Data from Do ^ D,5 

4) Set R/W to Read 



Terminate Output Transfer 

1 ) Negate UDS and ESS 

2) Negate AS 

3) Remove Data from Do - D7 or Dh ^ D,j 

4) Set R/W to Read 



Terminate Cycle 
1) Negate DTACK 



Start Next Cycle 



Terminate Cycle 
1) Negate DTACK 

1 ' 



Start Next Cycle 



Figure 19 Word Write Cycle Flow Chart 



Figure 20 Byte Write Cycle Flow Chart 



SO SI S2 S3 S4 S5 S6 S7 SO 81 S2 S3 S4 S5 S6 S7 SO SI S2 S3 S4 S5 S6 S7 



CLK 
A, -Ajj 
Ao' 

AS ' 
UDS ' 

ilDS ■ 

R/W 
DTACK 

Do -D, 
FCo-FC, ' 



< 



'Internal Signal Only 
|— Word Write 



j- 

D- 
3 



Odd Byte Write »^ Even Byte Write i^| 



Figure 21 Word and Byte Write Cycle Timing Diagram 
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Read-Modify -Write Cycle 

The read-modify-write cycle performs a read, modifies the 
data in the arithmetic-logic unit, and writes the data back to the 
same address. In the 68000 this cycle is indivisible in that 
the address strobe is asserted throughout the entire cycle. The 
test and set (TAS) instruction uses this cycle to provide mean- 
ingful communication between processors in a multiple pro- 
cessor environment. This instruction is the only instruction that 
uses the read-modify-write cycle and since the test and set in- 
struction only operates on bytes, all read-modify-write cycles 
are byte operations. A read-modify-write cycle flow chart is 
given in Figure 22 and a timing diagram is given in Figure 23. 
Refer to these illustrations during the following detailed discus- 
sions. 

At state zero (SO) in the read-modify-write cycle, the address 
bus (Ai through A23) is in the high impedance state. A function 
code is asserted on the function code output line (FCo through 
FC2). The read/write (R/W) signal is switched high to indicate 
a read cycle. One half clock cycle later, at state 1, the address 
bus is released from the high impedance state. The function 
code outputs indicate which address space that this cycle will 
operate on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid a ddress on t he address bus and the upper or 
lower data strobe (UDS, LDS) is asserted as required. The mem- 
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor- 
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 
^(DTACK). 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, the upper or lower data strobe is negated. 
The address bus, address strobe, read/write signal, and function 
code outputs remain as they were in preparation for the write 
portion of the cycle. The slave device keeps its data asserted 
until it detects the negation of the upper or lower data strobe. 
The slave device must remove its data and data transfer ac- 
knowledge within one clock period of recognizing the negation 
of the data strobes. Internal modification of data may occur 
from state 8 to state 1 1 . 

(NOTE) The read/write signal remains high until state 14 to prevent bus 
conflicts with the preceding read portion of the cycle and the 
data bus is not asserted by the processor until state 15. 

In state 14, the read/write signal is switched low to indicate 
a write cycle. When external processor data bus buffers are 
required, the read/write line provides sufficient directional 
control. Data is not asserted during this state to allow sufficient 
turn around time for external data buffers (if used). Data is 
asserted onto the data bus during state 15. 

In state 16, the data strobe is asserted as required to indicate 



that the data bus is stable. The selected device uses the read/ 
write signal and the data strobe to take its information from the 
data bus. The selected device asserts data transfer acknowledge 
(DTACK) when it has successfully stored its data. 

Data transfer acknowledge must be present at the processor 
at the start of state 17 or the processor will substitute wait 
states for states 17 and 18. State 17 starts the synchronization 
of the returning data transfer acknowledge for the write portion 
of the cycle. The bus interface circuitry issues requests for 
subsequent internal cycles during state 18. 

During state 19, address strobe and the upper or lower data 
strobe is negated. The address and data buses are held valid 
through state 19 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 19 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper or lower data strobe. The slave device must remove 
its data transfer acknowledge within once clock period after 
recognizing the negation of the address or data strobes. Note 
that the processor releases the data bus at the end of state 19 
but that data transfer acknowledge might not be removed until 
state or 1 . When address strobe is negated the slave device is 
released. 



BUS ARBITRATION 

Bus arbitration is a technique used by master-type devices 
to request, be granted, and acknowledge bus mastership. In its 
simplest form, it consists of: 

(1 ) Asserting a bus mastership request. 

(2) Receiving a grant that the bus is available at the end of 
the current cycle. 

(3) Acknowledging that mastership has been assumed. 
Figure 24 is a flow chart showing the detail involved in a 

request from a single device. Figure 25 is a timing diagram for 
the same operations. This technique allows processing of bus 
requests during data transfer cycles. 

The timing diagram shows that the bus request is negated 
at the time that an acknowledge is asserted. This type of oper- 
ation would be true for a system consisting of the processor 
and one device capable of bus mastership. In systems having 
a number of devices capable of bus mastership, the bus request 
line from each device is wire ORed to the processor. In this 
system, it is easy to see that there could be more than one bus 
request being made. The timing diagram shows that the bus 
grant signal is negat ed a few clock cycles after the transition 
of the acknowledge (BGACK) signal. 

However, if the bus requests are still pending, the processor 
will assert another bus grant within a few clock cycles after 
it was negated. This additional assertion of bus grant allows 
external arbitration circuitry to select the next bus master 
before the current bus master has completed its requirements. 
The following paragraphs provide additional information about 
the three steps in the arbitration process. 
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BUS MASTER 



Address Device 

1 ) Set R/Wto Read 

2) Place Function Code on FCo ~ FCj 

3) Place Address on A, ~ Aj3 

4) Assert Address Strobe (^) 

5) Assert Upper Data S trobe (UDS) or 
Lower Data Strobe (LDS) 



Acquire Data 

1 ) Latch Data 

2) Negate UI55 or n5§ 

3) Start Data Modification 



Start Output Transfer 

1) Set R/W to Write 

2) Place Data on Do -D? or Dg ~D is 

3) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) 



Ternr^inate Output Transfer 

1) Negate UD5 or Lt5f 

2) Negate AS 

3) Ren^ove Data from Do ~ D? or D» ~ Du 

4) Set R/W to Read 



Start Next Cycle 



Input Data 

1 ) Decode Address 

2) Place Data on Do ^ Dv or Dg Dis 

3) Assert Da ta Transfer Acknowledge 
(DTACK) 



Terminate Cycle 

1) Remove Data from Do ~ D7 or Dh ~ Di 5 

2) Negate DTACK 



Input Data 

1 ) Strobe Data on Do ~ D7 or Dg - Di$ 

2) Assert Da ta Transfer Acknowledge 
(DTACK) 



Terminate Cycle 



1) Negate DTACK 
I 



Figure 22 Read -Modify -Write Cycle Flow Chart 



SO SI S2 S3 S4 S5 S6 S7 S8 S9 S10 SI 1S12 S13S14S15S16S17S18S19 



CLK ^ 
A, ~Aa3 



AS - 

UDS or LDS " 
R/W " 



A r 



DTACK 

Do ~ D7 orDg ~Di$ 

Fc„~Fc, y 



Indivisible Cycle 

Figure 23 Read-Modify -Write Cycle Timing Diagram 
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PROCESSOR REQUESTING DEVICE 



Request the Bus 
1 ) Assert Bus Request (BR) 



Grant Bus Arbitration 
1) Assert Bus Grant (BG) 



Acknowledge Bus Mastership 

1 ) External arbitration determines next bus 
master 

2) Next bus master waits for current cycle to 
complete 

3) Next bus mast er asserts Bus Grant 
Acknowledge (BGACK) to become new 
master 

4) Bus master negates BR 

. I 



Termmate Arbitration 
1 ) Negate BG'land wait for BGACK to be 
negated) 



Operate as Bus Master 
1 ) Perform Data Transfers (Read and Write 
cycles) according to the same rules the pro- 
cessor uses. I 

Release Bus Mastership 



1) Negate BGACK 



Re-Arbitrate or Resume Processor 
Operation 



Figure 24 Bus Arbitration Cycle Flow Chart 



Requesting the Bus 

External devices capable of becoming bus masters request 
the bus by asserting the bus request (BR) signal. This is a wire 
ORed signal (although it need not be constructed from open 
collector devices) 'that indicates to the processor that some 
external device requires control of the external bus. The pro- 
cessor is effectively at a lower bus priority level that the ex- 
ternal device and will relinquish the bus after it has completed 
the last bus cycle it has started. 

When no acknowledge is received before the bus request 
signal goes inactive, the processor will continue processing 
when it detects that the bus request is inactive. This allows 
ordinary processing to continue if the arbitration circuitry 
responded to noise inadvertently . 

Receiving the Bus Grant 

The processor asserts bus grant (BG) as soon as possible. 
Normally this is immediately after internal synchronization. 
The only exception to this occurs when the processor has made 
an internal decision to execute the next bus cycle but has not 
progressed far enough into the cycle to have asserted the address 
strobe (AS) signal. In this case, bus grant will not be asserted 
until one clock after address strobe is asserted to indicate to 
external devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisy K^hained 
network or through a specific priority-encoded network. The 
processor is not affected by the external method of arbitration 
as long as the protocol is obeyed. 

Acknowledgement of Mastership 

Upon receiving a bus grant, the requesting device waits 
until address strobe, data transfer acknowledge, and bus g rant 
acknowledge are negated before issuing its own BGACK. The 
negation of the address strobe indicates that the previous 
master has completed its cycle, the negation of bus grant 
acknowledge indicates that the previous master has released 
the bus. (While address strobe is asserted no device is allowed 
to "break into" a cycle.) The negation of data transfer acknowl- 
edge indicates the previous slave has terminated its connection 
to the previous master. Note that in some applications data 
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Figure 25 Bus Arbitration Cycle Timing Diagram 
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transfer acknowledge might not enter into this function. Gen- 
eral purpose devices would then be connected such that they 
were only dependent on address strobe. When bus grant ac- 
knowledge is issued the device is bus master until it negates 
bus grant acknowledge. Bus grant acknowledge should not be 
negated until after the bus cycle(s) is (are) completed. Bus 
mastership is terminated at the negation of bus grant acknowl- 
edge. 

The bus request from the granted device should be drop- 
ped after bus grant acknowledge is asserted. If a bus request 
is still pending, another bus grant will be asserted within a few 
clocks of the negation of bus grant Refer to Bus Arbitration 
Control section. Note that the processor does not perform 
any external bus cycles before it re-asserts bus grant. 

BUS ARBITRATION CONTROL 

The bus arbitration control unit in the 68000 is implemented 
with a finite state machine. A state diagram of this machine is 
shown in Figure 26, All asynchronous signals to the 68000 are 
synchronized before being used internally. This synchronization 
is accomplished in a maximum of one cycle of the system clock, 
assuming that the asynchronous input setup time (#47) has 




R Bus Request Internal 

A = Bus Grant Acknowledge Internal 

G Bus Grant 

T = Three-State Control to Bus Control Logic** 
X = Don't Care 



• State machine will not change state if bus is in SO. Refer to BUS 
ARBITRATION CONTROL for additional information. 
•* The address bus will be placed in the high impedance state if T is 
asserted and 7^ is negated. 

Figure 26 State Diagram of 68000 Bus 
Arbitration Unit 



been met (see Figure 27). The input signal is sampled on the 
falling edge of the clock and is valid internally after the next 
falling edge. 

As shown in Figure 26, input signals labeled R and A are 
internally synchronized on the bus request and bus grant 
acknowledge pins respectively. The bus grant output is lebeled 
G and the internal three-state control signal T. If T is true, the 
address, data, function code line, and control buses are placed 
in a high-impedance state when AS is negated. All signals are 
shown in positive logic (active high) regardless of their true 
active voltage level. 

State changes (valid outputs) occur on the next rising edge 
after the internal signal is valid. 

A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 28. The bus arbitration 
sequence while the bus is inactive (i.e., executing internal 
operations such as a multiply instruction) is shown in Figure 29. 

If a bus request is made at a time when the MPU has already 
begun a bus cycle but AS has not been asserted (bus state SO), 
BG will not be asserted on the next rising edge. Instead, BG will 
be delayed until the second rising edge following it's internal 
assertion. This sequence is shown in Figure 30. 



Internal Signal Valid 

External Signal Sampled 

CLK , J— 



BR (External) 




Figure 27 Timing Relationship of External Asynchronous 
Inputs to Internal Signals 
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Bus three stated - 
B€ asserted - 



Bus released from three state and 
Processor starts next bus cycle 




n_n_n 

so SI S2 S3 S4 S5 S6 S7 



BR • 
BG 



BGACK 

A, -Ajj 
AS ' 
UDS 
LDS 

FCo -FCj 
R/W 
DTACK 

Do -D,5 



SO SI S2 S3 S4 S5 S6 S7 SO SI 



xz 



Alternate Bus Master 



Figure 28 Bus Arbitration During Processor Bus Cycle 



Bus released from three state and processor starts next bus cycle 

BGACK negated 

BG asserted and bus three stated • 

BR valid mternal , 

BR sampled i 




Processor , Bus Inactive i Alternate Bus Master , Processor 



Figure 29 Bus Arbitration with Bus Inactive 
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BR asserted 
BR sampled 
Bus three stated - 

BG asserted 

BR valid internal 



Bus released from three state and 
Processor starts next bus cycle 




R/W 



DTACK 
Do ~D,s 



A r 

-< y 



Alternate Bus Master 
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Figure 30 Bus Arbitration During Processor Bus Cycle Special Case 



BUS ERROR AND HALT OPERATION 

In a bus architecture that requires a handshake from an ex- 
ternal device, the possibility exists that the handshake might not 
occur. Since different systems will require a different maximum 
response time, a bus error input is provided. External circuitry 
must be used to determine the duration between address strobe 
and data transfer acknowledge before issuing a bus error signal. 
When a bus error signal is received, the processor has two 
options initiate a bus error exception sequence or try running 
the bus cycle again. 

Exception Sequence 

When the bus error s ignal is asserted, the current bus cycle 
is terminated. If BERR is asserted before the falling edge of 
S2, AS will be ne gated in S7 in either a read or write cycle. 
As long as BERR remains asserted, the data and ad dress buses 
will be in the high-impedance state. When BERR is negated, 
the processor will begin stacking for exception processing. 
Figure 31 is a timing diagram for the exception sequence. 
The sequence is composed of the following elements. 

( 1 ) Stacking the program counter and status register 

(2) Stacking the error information 

(3) Reading the bus error vector table entry 

(4) Executing the bus error handler routine 

The stacking of the program counter and the status register 
is the same as if an interrupt had occurred Several additional 



items are stacked when a bus error occurs. These items are used 
to determine the nature of the error and correct it, if possible. 
The bus enor vector is vector number two located at address 
$000008. The processor loads the new program counter from 
this location. A software bus error handler routine is then 
executed by the processor. Refer to EXCEPTION PROCESS- 
ING for additional information. 

Re-Running the Bus Cycle 

When, during a bus cycle, the processor receives a bus error 
signal and the halt pin is being driven by an external device, 
the processor enters the re-run sequence. Figure 32 is a timing 
diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
remains "halted," and will not run another bus cycle until the 
halt signal is removed by external logic. Then the processor 
will re-run the previous bus cycle using the same address, the 
same function codes, the same data (for a write operation), and 
the same controls. The bus error signal should be removed at 
least one clock cycle before the halt signal is removed. 

(NOTE) The processor will not re-run a rcad-modify-writc cycle. This 
restriction is made to guarantee that the entire cycle runs cor- 
rectly and that the write operation of a Test -and-S et op eration 
IS performed without ever releasing AS. If BERR and HALT 
are asserted during a read-modify-wnte bus cycle, a bus error 
operation results. 
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.^initia te ^.^ Response Failure Bus Error Detectton- 

Read ' ' 

Figure 31 Bus Error Timing Diagram 



Initiate Bus 
Error Stacking 



SO S2 S4 S6 SO 




DTACK 

Do -D,5 . 



BERR 
HALT ' 







\ 1 


^ ^ 1 Clock Period 






\ 


1 






Read -inI^ 


- « Halt - - 


-w*!-^ Rarun —•^ 




Figure 32 


^e-Run Bus Cycle Timing Information 



Halt Operation with No Bus Error 

The halt input signal to the 68000 perform a Halt/Run/ 
Single-Step function in a similar fashion to the HD6800 halt 
function. The halt and run modes are somewhat self explana- 
tory in that when the halt signal is constantly active the proces- 
sor "halts" (does nothing) and when the halt signal is constantly 
inactive the processor "runs" (does something). 

The single-step mode is derived from correctly timed transi- 
tions on the halt signal input. It forces the processor to execute 
a single bus cycle by entering the **run" mode until the pro- 
cessor starts a bus cycle then changing to the "halt" mode. 
Thus, the single-step mode allows the user to proceed through 
(and therefore debug) processor operations one bus cycle at a 
time. 

Figure 33 details the timing required for correct single-step 
operations and Figure 34 shows a simple circuit for providing 
the single-step function. Some care must be exercised to avoid 
harmful interactions between the bus error signal and the halt 



pin when using the single cycle mode as a debugging tool. This 
is also true of interactions between the halt and reset lines 
since these can reset the machine. 

When the processor completes a bus cycle after recognizing 
that the halt signal is active, most three-state signals are put 
in the high-impedance state. These include: 

(1) Address lines 

(2) Data lines 

This is required for correct performance of the re-run bus 
cycle operation. 

While the processor is honoring the halt request, bus arbitra- 
tion performs as usual. That is, halting has no effect on bus 
arbitration. It is the bus arbitration function that removes the 
control signals from the bus. 

The halt function and the hardware trace capability allow 
the hardware debugger to trace single bus cycles or single in- 
structions at a time. These processor capabilities, along with 
a software debugging package, give total debugging flexibility. 
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CLK 
A, ~A,3 
AS 

lds/Uds 

R/W 
DTACK 
Do ~D,s 
FCo ~FC, 
HALT 



r 



j- 



|-#- Read *T*~* ~ — — — Halt — — — 

Figure 33 Halt Signal Timing Characteristics 
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— — —Read— 



HALT 

(To Processor) 




Figure 34 Simplified Single-Step Circuit 



AS^ (From Processor) 
RESET 



Double Bus Faults 

When a bus error exception occurs, the processor will at- 
tempt to stack several words contaming information about 
the state of the machine. If a bus error exception occurs during 
the stacking operation, there have been two bus errors in a row. 
This is commonly referred to as a double bus fauh. When a 
double bus fault occurs, the processor will halt. Once a bus 
error exception has occurred, any bus error exception occurring 
before the execution of the next instruction constitutes a dou- 
ble bus fault. 

Note that a bus cycle which is re-run does not constitute a 
bus error exception, and does not contribute to a double bus 



fault. Note also that this means that as long as the external 
hardware requests it, the processor will continue to re-run 
the same bus cycle. 

The bus error pin also has an effect on processor operation 
after the processor receives an external reset input The pro- 
cessor reads the vector table after a reset to determine the ad- 
dress to start program execution. If a bus error occurs while 
reading the vector table (or at any time before the first instruc- 
tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a 
halted processor. 
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RESET OPERATION 

The reset signal is a bidirectional signal that allows either the 
processor or an external signal to reset the system. Figure 35 
is a timing diagram for the reset operations. Both the halt and 
reset lines must be asserted to ensure total reset of the pro- 
cessor. 

When the reset and halt lines are driven by an external 
device, it is recognized as an entire system reset, including 
the processor. The processor responds by reading the reset 
vector table entry (vector unumber zero, address $000000) 
and loads it into the supervisor stack pointer (SSP). Vector 
table entry number one at address $000004 is read next and 
loaded into the program counter. The processor initializes 
the status register to an interrupt level of seven. No other 



registers are affected by the reset sequence. 

When a RESET instruction is executed, the processor drives 
the reset pin for 124 clock periods. In this case, the processor 
is trying to reset the rest of the system. Therefore, there is 
no effect on the internal state of the processor. All of the 
processor's internal registers and the status register are un- 
affected by the execution of a RESET instruction. All external 
devices connected to the reset line should be reset at the com- 
pletion of the RESET instruction. 

Asserting the Reset and Halt pins for 10 clock cycles will 
cause a processor reset, except when Vcc is initially applied 
to the processor. In this case, an external reset must be applied 
for 100 milliseconds. 
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Bus Cycles 



(NOTES) 

1 ) Internal start-up time 4) PC High read m here 

2) SSP High read in here 5) PC Low read in here 

3) SSP Low read m here 6) First instruction fetched here. 



Bus State Unknown. )00000( 



All Control Signals Inactive. 
Data Bus In Read Mode: 



Figure 35 Reset Operation Timing Diagram 



THE RELATIONSHIP OF DTACK, SlRR, AND FRET 

In order to properly control te rmination of a bu s cyc le for a 
re-run or a bus error condition, DTACK, BERR, and HALT 
should be asserted and negated on the rising edge of the 
68000 clock. This will assure that when two signals are asserted 
simultaneously, the required setup time ^47) for both of them 
will be met during the same bus state. 

This, or some equivalent precaution, should be designed 
external to the 68000. Parameter #48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 

The preferred bus cycle terminations, may be summarized 
as follows (case numbers refer to Table 16): 
Normal Termination: DTACK occurs first (case 1). 
Halt Termination: HALT i s asserte d at t he same time or 
before DTACK and BERR remains 
negate d (cases 2 and 3). 
Bus Error Termination: BERR is assert ed in lieu of, at t he same 
time, or before DTACK (case 4); BERR 
is ne gated at the same time or after 
DTACK . 

Re-Run Termination: HALT and BERR are asserte d in lieu 
of, at the same time, or before DTACK 



(cases 6 and 7); HA LT must be held at 
least one cycle after BERR. Case 5 in- 
dicates BERR may precede HALT 
which allows fully asynchronous asser- 
tion. 

Table 16 details the resulting bus cycle termination under 
various combinations of control signal sequences. The nega- 
tion of these same control s ignals under several conditions is 
shown in Table 1 7 (DTACK is assu nnied to b e ne gated n ormal- 
ly in all cases; for best results, both DTACK and BERR should 
be negated when address strobe is negated.) 

Example A: A system uses a watch-dog timer to terminate 
accesses to un-po pulated address space. The timer asserts 
DTACK and BERR simultaneously after time-out. (case 4) 

Example B: A system use s error d etection on RAM con- 
tents. Designe r ma y (a) d elay DTACK until data verified, and 
return BERR and HALT si multaneou sly to re-ru n error cycle 
(case 6), or if valid, retu rn DTA CK; (b) delay B TACK un til 
data verified, and return BERR at same time as DTACK if 
data in error (case 4); (c) return DTACK prior to data verifica- 
tion, as described in previous section. If data invalid, BERR is 
asserted (case 1) in next cycle. Error-handling software must 
know how to recover error cycle. 
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Table 16 DTACK, BERR, HALT Assertion Results 







Asserted on Rising 




Case No. 


Control Signal 


Edge of State 


Result 






N 


N + 2 






DTACK 


A 


s 




1 


BERR 


NA 


X 


Normal cycle terminate and continue. 




HALT 


NA 


X 






DTACK 


A 


s 




2 


BERR 


NA 


X 


Normal cycle terminate and halt. Continue when HALT removed. 




HALT 


A 


S 






DTACK 


NA 


A 




3 


BERR 


NA 


NA 


Normal cycle ter^nmate and halt. Continue when HALT removed. 




HALT 


A 


S 






DTACK 


X 


X 




4 


BERR 


A 


S 


Terminate and take bus error trap. 




HALT 


NA 


NA 






DTACK 


NA 


X 




5 


BERR 


A 


S 


Terminate and re-run. 




HALT 


NA 


A 






DTACK 


X 


X 




6 


BERR 


A 


S 


Terminate and re-run when HALT removed. 




HALT 


A 


S 






DTACK 


NA 


X 




7 


BERR 


NA 


A 


Terminate and re-run when HALT removed. 




HALT 


A 


S 





gend. 

N — The number of the current even bus state (e g , S4, S6, etc ) 
A - Signal is asserted in this bus state 
NA - Signal is not asserted in this state 
X - Don't care 

S — Signal was asserted in previous state and remains asserted in this state 



Table 17 BERR and HALT Negation Results 



Conditions of 
Termination in 
Table A 


Control Signal 


Negated on Rising 
Edge of State 

N N + 2 


Results - Next Cycle 


Bus Error 


BERR 
HALT 


• or • 

• or • 


Takes bus error trap. 


Re-run 


BERR 
HALT 


• or • 
• 


Illegal sequence; usually traps to vector number 0. 


Re-run 


BERR 
HALT 


• 

• 


Re-runs the bus cycle. 


Normal 


BtRTi 
HALT 


• 

• or • 


May lengthen next cycle. 


Normal 


BERR 
HALT 


• 

• or none 


If next cycle is started it will be terminated as a bus error. 



ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION 
Asynchronous Operation 

To achieve clock frequency independence at a system level, 
the 68000 can be used in an asynchronous manner. This 
entails using only the bus hands hake lines (AS, UDS, LDS, 
DTACK, BERR, HALT, and VP A) to control the data transfer. 
Using this method, AS signals the start of a bus cycle and the 
data strobes are used as a condition for valid data on a write 
cycle. The slave device (memory or peripheral) then responds by 
placing the requested data on the data bus for a read cycle 
or latching data on a write cycle and asserting the data transfer 
acknowledge signal (DTACK) to terminate the bus cycle. If 
no slave responds or the access is invalid, external control logic 



asserts the BERR, or BERR and HALT, signal to abort or 
re-run t he bus cy cle. 

The DTACK signal is allowed to be asserted before the data 
from a sl ave devic e is valid on a read cycle. The length of 
time that DTACK may precede data is given as parameter #31 
and it must be met in any asynchronous system to insure that 
valid data is latched into the processor. Notice that there is no 
maximu m time specified from the assertion of A5 to the asser- 
tion of DTACK. This is beca use the M PU will insert wait cycles 
of one clock p eriod each until DTACK is recognized. 

The BERR sig nal is a llowed to be asserted after the DTACK 
signal is asserted. BER R must b e asserted within the time given 
as parameter #48 after DTACK is asserted in any asynchronous 
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system to insure proper operation. If this maximum delay time 
IS violated, the processor may exhibit erratic behavior. 

Synchronous Operation 

To allow for those systems which use the system clock as a 
signal to generate DTACit and other asynchronous inputs, 
the asynchronous input setup time is given as parameter #47. If 
this setup is met on an input, such as DTACK, the processor is 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse is not true - if the 
input signal does not meet the setup ti me it is n ot guaranteed 
not to be recognized In addition, if DTACK is recognized 
on a falling edge, valid data will be latched into the processor 
(on a read cycle) on the next falling edge provided that the data 
meets the setup time given as parameter # 27. Give n this, para- 
meter #31 may be ignored. Note that if DTACK is asserted, 
with the required setup time, before the falling edge of S4, no 
wait status will be incurred and the bus cycle will run at its 
maximum speed of four clock penods. 

In order to assure proper operation in a synchronous system 
when BERR is asserted after DTACK. BERR must meet the 
setup time parameter #27A prior to the falling edge of the clock 
one clock cycle after DTACK was recognized This setup time 
IS critical to proper operation, and the HD68000 may exhibit 
erratic behavior if it is violated 

(NOTE) 

During an active bus cycle, VPA and BERR aic sampled 
on every falling edge of the clock starting with SO 
DTACK IS sampled on every falling edge of the clock 
starting with S4 and data is latched on the falling edge of 
S6 during a read T he bus cycle will then be terminated 
in S7 e xcept when BERR is asserted in the absence of 
DTACK, in which case it will terminate one clock cycle 
later in S9 

■ PROCESSING STATES 

This section describes the actions the 68000 which are out- 
side the normal processing associated with the execution of 
instructions. The functions of the bits in the supervisor portion 
of the status register are covered: the supervisor/user bit, the 
trace enable bit, and the processor interrupt priority mask. 
Finally, the sequence of memory references and actions taken 
by the processor on exception conditions is detailed. 

The 68000 is always in one of three processing states: 
normal, exception, or halted The normal processing state is 
that associated with instruction execution, the memory ref- 
erences are to fetch instructions and operands, and to store 
results A special case ol the normal state is the stopped state 
which the processor enters when a STOP instruction is exe- 
cuted In this state, no further memory references are made 

The exception processing state is associated with interrupts, 
trap instructions, tracing and other exceptional conditions 
The exception may be internally generated by an instruction 
or by an unusual condition arising during the execution of 
an instruction Externally, exception processing can be forced 
by an interrupt, by a bus error, or by a reset Exception process- 
ing is designed to provide an efficient context switch so that 
the processor may handle unusual conditions 

The halted processing state is an indication of catastrophic 
hardware failure For example, if during the exception pro- 
cessing of a bus error another bus error occurs, the processor 



assumes that the system is unusable and halts Only an external 
reset can restart a halted processor. Note that a processor in the 
stopped state is not in the halted state, nor vice versa. 



PROCESSING STATES 



NORMAL 


INSTRUCTION 
EXECUTION 
(INCLUDING STOP) 




INTERRUPTS 


EXCEPTION 


TRAPS 




TRACING ETC. 


HALTED 


HARDWARE HALT 
DOUBLE BUS FAULT 



• PRIVILEGE STATES 

The processor operates in one of two states of privilege 
the "user" state or the "supervisor" state. The privilege state 
determines which operations are legal, are used to choose 
between the supervisor stack pointer and the user stack pointer 
in instruction references, and may be used by an external 
memory management device to control and translate accesses. 

The privileges state is a mechanism for providing security 
in a computer system Programs should access only their own 
code and data areas, and ought to be restricted from accessing 
information which they do not need and must not modify. 

The privilege mechanism provides security by allowing 
most programs to execute in user state. In this state, the ac- 
cesses are controlled, and the effects on other parts of the 
system are limited. The operating system executes in the super- 
visor state, has access to all resources, and performs the over- 
head tasks for the user state programs 

SUPERVISOR STATE 

The supervisor state is the higher state of privilege. For 
instruction execution, the supervisor state is determined by 
the S-bit of the status register, if the S-bit is asserted (high), 
the processor is in the supervisor state. All instructions can be 
executed in the supervisor state. The bus cycles generated by 
instructions executed in the supervisor state are classified as 
supervisor references. While the processor is in the supervisor 
privilege state, those instructions which use either the system 
stack pointer implicitly or address register seven explicitly 
access the supervisor stack pointer. 

All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor refer- 
ences. All stacking operations during exception processing use 
the supervisor stack pointer. 

USER STATE 

The user state is the lower state of privilege. For instruction 
execution, the user state is determined by the S-bit of the status 
register; if the S-bit is negated (low), the processor is executing 
instructions in the user state. 

Most instructions execute the same in user state as in the 
supervisor state. However, some instructions which have im- 
portant system effects are made privileged. User programs 
are not permitted to execute the STOP instruction, or the 
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RESET instruction. To ensure that a user program cannot 
enter the supervisor state except in a controlled manner, the 
instructions which modify the whole status register are privi- 
leged. To aid in debugging programs which are to be used as 
operating systems, the move to user stack pointer (MOVE 
to USP) and move from user stack pomter (MOVE from USP) 
instructions are also privileged. 

The bus cycles generated by an instruction executed in 
user state are classified as user state references. This allows 
an external memory management device to translate the ad- 
dress and to control access to protected portions of the address 
space. While the processor is in the user privilege state, those 
instructions which use either the system stack pointer im- 
plicitly, or address register seven explicitly, access the use stack 
pointer. 

PRIVILEGE STATE CHANGES 

Once the processor is in the user state and executing instruc- 
tions, only exception processing can change the privilege state. 
During exception processing, the current setting of the S-bit 
of the status register is saved and the S-bit is asserted, putting 
the processing in the supervisor state. Therefore, when instruc- 
tion execution resumes at the address specified to process the 
exception, the processor is in the supervisor privilege state. 

USER/SUPERVISOR MODES 



TRANSITION ONLY MAY OCCUR 
DURING EXCEPTION PROCESSING 




TRANSITION MAY BE MADE BY 

RTE; MOVE, ANDI. EORI TO STATUS WORD 



REFERENCE CLASSIFICATION 

When the processor makes a reference, it classifies the kind 
of reference being made, using the encoding on the three func- 
tion code output lines. This allows external translation of ad- 
dresses, control of access, and differentiation of special pro- 
cessor states, such as interrupt acknowledge. Table 18 lists the 
classification of references. 



Table 18 Reference Classification 



Function Code Output 


Reference Class 


FC2 


FC, 


FCo 











(Unassigned) 








1 


User Data 





1 





User Program 





1 


1 


(Unassigned) 


1 








(Unassigned) 


1 





1 


Supervisor Data 


1 


1 





Supervisor Program 


1 


1 


1 


Interrupt Acknowledge 



• EXCEPTION PROCESSING 

Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processmg is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. Durmg the first step, a tem- 
porary copy of the status register is made, and the status register 
is set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the 
current processor context. In the fourth step a new context is 
obtained, and the processor switches to instruction processing. 

EXCEPTION VECTORS 

Exception vectors are memory locations from which the 
processor fetches the address of a routine which will handle 
that exception. All exception vectors are two words in length 
(Figure 36), except for the reset vector, which is four words. 
All exception vectors lie in the supervisor data space, except 
for the reset vector which is in the supervisor program space. 
A vector number is an eight-bit number which, when multiplied 
by four, gives the address of an exception vector. Vector num- 
bers are generated internally or externally depending on the 
cause of the exception. In the case of interrupts, during the 
interrupt acknowledge bus cycle, a peripheral provides an 8-bit 
vector number (Figure 37) to the processor on data bus lines Do 
through D7. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 38. The memory layout 
for exception vectors is given in Table 19. 

As shown in Table 19, the memory layout is 512 words 
long (1024 bytes). It starts at address and proceeds through 
address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions Of the 
255, there are 192 reserved for user interrupt vectors However, 
there is no protection on the first 64 entries, so user interrupt 
vectors may overlap at the discretion of the systems designer. 

KINDS OF EXCEPTIONS 

Exceptions can be generated by either internal or external 
causes. The externally generated exceptions are the interrupts 
and the bus error and reset requests. The interrupts are requests 
from peripheral devices for processor action while the bus 
error and reset inputs are used for access control and processor 
restart. The internally generated exceptions come from instruc- 
tions, or from address error or tracing. The trap (TRAP), trap 
on overflow (TRAPV), check register against bounds (CHK) 
and divide (DIV) instructions all can generate exceptions as 
part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, 
internally generated interrupt after each instruction execution. 

EXCEPTION PROCESSING SEQUENCE 

Exception processing occurs in four identifiable steps. In 
the first step, an internal copy is made of the status register. 
After the copy is made, the S-bit is asserted, putting the pro- 
cessor into the supervisor privilege state. Also, the T-bit is 
negated which will allow the exception handler to execute 
unhindered by tracing. For the reset and interrupt exceptions, 
the interrupt priority mask is also updated. 

In the second step, the vector number of the exception is 
determined. For interrupts, the vector number is obtained by 
a processor fetch, classified as an interrupt acknowledge. For 
all other exceptions, internal logic provides the vector number. 
This vector number is then used to generate the address of 
the exception vector. 
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Word 
Word 1 



New Program Counter (High) 



New Program Counter (Low) 



A0=0, A1=0 
A0 = 0. A1 =1 



Figure 36 Exception Vector Format 
D8 D7 





Ignored 


v7 


v6 


v5 


v4 


v3 


v2 


v1 


vO 










Where 

v7 IS the MSB of the Vector Number 
vO IS the LSB of the Vector Number 






















Figure 37 Peripheral Vector Number Format 










A23 




AlO A9 


AS 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


All Zeroes 


v7 


v€ 


v5 


v4 


v3 


v2 


vl 


vO 









Figure 38 Address Translated From 8-Bit Vector Number 



Table 19 Exception Vector Assignment 



Vector 


Address 


Assignment 


Numberis; 


Dec 


Hex 


Space 








000 


SP 


Reset Initial SSP 




4 


004 


SP 


Reset Initial PC 


2 


8 


008 


SD 


Bus Error 


3 


12 


OOC 


SD 


Address Error 


4 


16 


010 


SD 


Illegal Instruction 


5 


20 


014 


SD 


Zero Divide 


6 


24 


018 


SD 


CHK Instruction 


7 


28 


01C 


SD 


TRAPV Instruction 


8 


32 


020 


SD 


Privilege Violation 


9 


36 


024 


SD 


Trace 


10 


40 


028 


SD 


Line 1010 Emulator 


11 


44 


02C 


SD 


Line 1111 Emulator 


12* 


48 


030 


SD 


(Unassigned, reserved) 


13* 


52 


034 


SD 


(Unassigned, reserved) 


14* 


56 


038 


SD 


(Unassigned, reserved) 


15 


60 


03C 


SD 


Uninitialized Interrupt Vector 


16 - 23* 


64 


040 


SD 


(Unassigned, reserved) 


95 


05 F 


24 


96 


060 


SD 


Spurious Interrupt 


25 


100 


064 


SD 


Level 1 Interrupt Autovector 


26 


104 


068 


SD 


Level 2 Interrupt Autovector 


27 


108 


06C 


SD 


Level 3 Interrupt Autovector 


28 


112 


070 


SD 


Level 4 Interrupt Autovector 


29 


116 


074 


SD 


Level 5 Interrupt Autovector 


30 


120 


078 


SD 


Level 6 Interrupt Autovector 


31 


124 


07C 


SD 


Level 7 Interrupt Autovector 


32-47 


128 


080 


SD 


TRAP Instruction Vectors 


191 


OBF 


48 - 63* 


192 


OCO 


SD 


(Unassigned, reserved) 


255 


OFF 


64 - 255 


256 


100 


SD 


User Interrupt Vectors 


1023 


3FF 



SP Supervisor program, SD Supervisor data 

• Vector numbers 12, 13, 14, 16 through 23 and 48 through 63 are reserved for future enhancements by Hitachi 
No user peripheral devices should be assigned these numbers 
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The third step is to save the current processor status, ex- 
cept for the reset exception. The current program counter 
value and the saved copy of the status register are stacked 
using the supervisor stack pointer as shown in Figure 39. The 
program counter value stacked usually points to the next un- 
executed instruction, however for bus error and address error, 
the value stacked for the program counter is unpredictable, and 
may be incremented from the address of the instruction which 



caused the error. Additional information defining the current 
context is stacked for the bus error and address error excep- 
tions. 

The last step is the same for all exceptions. The new program 
counter value is fetched from the exception vector. The pro- 
cessor then resumes instruction execution. Then instruction 
at the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 



15 14 13 12 11 10 



876543210 



Lower Address 



Higher Address 



Status Register 






High 






Low 



Figure 39 Exception Stack Order (Group 1 , 2) 






Figure 40 Exception Processing Sequence (Not Reset) 
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MULTIPLE EXCEPTIONS 

These paragraphs describe the processing which occurs 
when multiple exceptions arise simultaneously. Exceptions 
can be grouped according to their occurrence and priority. The 
Group exceptions are reset, bus error, and address error. 
These exceptions cause the instruction currently being executed 
to be aborted, and the exeception processing to commence 
within two clock cycles. The Group 1 exceptions are trace and 
interrupt, as well as the privilege violations and illegal instruc- 
tions. These exceptions allow the current instruction to execute 
to completion, but preempt the execution of the next instruc- 
tion by forcing exception processing to occur (privilege viola- 
tions and illegal instructions are detected when they are the 
next instruction to be executed). The Group 2 exceptions 
occur as part of the normal processing of instructions. The 
TRAP, TRAPV, CHK, and zero divide exceptions are in this 
group. For these exceptions, the normal execution of an instruc- 
tion may lead to exception processing 

Group exceptions have highest priority, while Group 2 
exceptions have lowest priority. Within Group 0, reset has 
highest priority, followed by address error and then bus error. 
Within Group 1, trace has priority over external interrupts, 
which in turn takes priority over illegal instruction and privi- 
lege violation. Since only one instruction can be executed at 
a time, there is no priority relation within Group 2. 

The priority relation between two exceptions determines 
which is taken, or taken first, if the conditions for both arise 
simultaneously. Therefore, if a bus error occurs during a TRAP 
instruction, the bus error takes precedence, and the TRAP 
instruction processing is aborted. In another example, if an 
interrupt request occurs during the execution of an instruction 
while the T-bit is asserted, the trace exception has priority, 
and IS processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and instruc- 
tion processing commences finally in the interrupt handler 
routine. A summary of exception grouping and priority is given 
in Table 20. 



Table 20 Exception Groupmg and Priority 



Group 


Exception 


Processing 





Reset 

Address Error 
Bus Error 


Exception processing begins 
within two clock cycles. 


1 


Trace 
Interrupt 
Illegal 
Privilege 


Exception processing begins 
before the next instruction 


2 


TRAP, TRAPV 
CHK, 

Zero Divide 


Exception processing is started by 
normal instruction execution 



RECOGNITION TIMES OF EXCEPTIONS. 
HALT, AND BUS ARBITRATION 

END OF A CLOCK CYCLE 

RESET 
END OF A BUS CYCLE 

ADDRESS ERROR 

BUS ERROR 

HALT 

BUS ARBITRATION 

END OF AN INSTRUCTION CYCLE 
TRACE EXCEPTION 
INTERRUPT EXCEPTIONS 
ILLEGAL INSTRUCTION 
UNIMPLEMENTED INSTRUCTION 
PRIVILEGE VIOLATION 

WITHIN AN INSTRUCTION CYCLE 
TRAP, TRAPV 
CHK 

ZERO DIVIDE 



• EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources, and each exception 
has processing which is peculiar to it. The following paragraphs 
detail the sources of exceptions, how each arises, and how each 
is processed. 

RESET 

The reset input provides the highest exception level. The 
processing of the reset signal is designed for system initiation, 
and recovery from catastrophic failure. Any processing in pro- 
gress at the time of the reset is aborted and cannot be recovered. 
The processor is forced into the supervisor state, and the trace 
state is forced off. The processor interrupt priority mask is set 
at level seven. The vector number is internally generated to 
reference the reset exception vector at location in the super- 
visor program space. Because no assumptions can be made about 
the validity of register contents, in particular the supervisor 
stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the 
reset exception vector is fetched as the initial program counter. 
Finally, instruction execution is started at the address in the 
program counter. The power-up/restart code should be pointed 
to by the initial program counter. 

The RESET instruction does not cause loading of the reset 
vector, but does assert the reset line to reset external devices. 
This allows the software to reset the system to a known state 
and then continue processing with the next instruction. 
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( Start ^ 

S-»1 
T-*0 
Mask Bits -> 7 



Fetch 
Vector 
No.O 



Contents of 
Vector No 
-►Stack Pointer 



Fetch 
Vector 
No. 1 




Double 
Bus 
Fault 



>^ END ^ 




Fetch PC 




Contents 





Fetch PC +2 
Contents 




► Bus Error Exception Processing 



r~ 



Figure 41 Reset Exception Processing 



INTERRUPTS 

Seven levels of interrupt priorities are provided. Devices 
may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to inter- 
rupt the processor. Interrupt priority levels are numbered 
from one to seven, with level seven being the highest priority. 
The status register contains a three-bit mask which indicates the 
current processor priority, and interrupts are inhibited for 
all priority levels less than or equal to the current processor 
priority. 

An interrupt request is made to the processor by encoding 
the interrupt request level on the interrupt request lines; a 
zero indicates no interrupt request. Interrupt requests arriving 
at the processor do not force immediate exception processing, 



but are made pending. Pending interrupts are detected between 
instruction executions. If the priority of the pending interrupt 
is lower than or equal to the current processor priority, exe- 
cution continues with the next instruction and the interrupt 
exception processing is postponed. (The recognition of level 
seven is slightly different, as explained in a following paragraph.) 

If the priority of the pending interrupt is greater than the 
current processor priority, the exception processing sequence 
is started. First a copy of the status register is saved, and the 
privilege state is set to supervisor, tracing is suppressed, and 
the processor priority level is set to the level of the interrupt 
being acknowledged. The processor fetches the vector number 
from the interrupting device, classifying the reference as an 
interrupt acknowledge and displaying the level number of 
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the interrupt being acicnowiedged on the address bus. If external 
logic requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the inter- 
rupt is taken to be spurious, and the generated vector number 
references the spurious mterrupt vector. The processor then 
proceeds with the usual exception processing, saving the pro- 
gram counter and status register on the supervisor stack. The 
saved value of the program counter is the address of the instruc- 
tion which would have been executed had the interrupt not 
been present. The content of the interrupt vector whose vector 
number was previously obtained is fetched and loaded into the 
program counter, and normal instruction execution commences 
in the interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 42, a timing diagram is 
given in Figure 43, and the interrupt exception timing sequence 
is shown in Figure 44. 



PROCESSOR 



INTERRUPTING DEVICE 

Request Interrupt 

I 



Grant Interrupt 

1) Compare interrupt level m status register 
and wait for current instruction to complete 

2) Place interrupt level on Ai , Aj , A3 

3) Set R/W to read 

4) Set function code to interrupt acknowledge 

5) Assert address strobe (AS) 

6) Assert lower data strobe (UT5?* and EDS) 



Provide Vector Number 

1 ) Place vector number of Do ~ D7 

2) Assert data transfer acknowledge (DTACK) 



Table 21 Internal Interrupt Level 



Level 


12 


11 


10 


Interrupt 


7 


1 
1 


1 


1 


Non-Maskable Interrupt 


6 


1 





Maskable Interrupt 


5 


1 





1 


4 


1 








3 





1 


1 


2 





1 





1 








1 














No Interrupt 



(NOTE) The internal interrupt mask level (12, II, 10) are inverted to the 
logic level applied to the pins (TFU^ , TTT, , IPLo) 



Acquire Vector Number 

1 ) Latch v ector number 

2) Negate UnS* and O?? 

3) Negate AS | 



1) Negate DTACK 



Start Interrupt Processing 

• Although a vector number is one byte, both data strobes 
are asserted due to the microcode used for exception 
processing. The processor does not recognize anything 
on data lines 0$ through Dis at this time. 



Figure 42 Interrupt Acknowledge Sequence Flow Chart 




Last Bus Cycle of Instruction 
I (Read or Write) ^1^ 



Stack 
I PCL 



lACK Cycle 
(Vector Number Acquisition) 

. 



4 Clocks 
Idle 



Stack and 
Vector Fetch 



' Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing. The 
processor does not recognize anything on data lines D» through D,s at this time. 

Figure 43 Interrupt Acknowledge Sequence Timing Diagram 
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Last Bus Cycle 
of Instruction 
(Ourino Which 
Inttrrupt Was 
Rtcognind) 



Stack 

PCL 

(SSP-2) 



lACK 
Cycle 
(Vector Number 
Acquisition) 



Stack 
Status 

(SSP-6) 



Stack 
PCH 
(SSP-4) 



Read 

Vector 
High 
(A,« ~A„) 



Read 
Vector 
Low 

(Ao ~ A„) 



Fetch First Word 
of Instruction 
of Interrupt 
Routine 



Note: SSP refers to the value of the supervisor stack pointer before the interrupt occurs. 
Figure 44 Interrupt Exception Timing Sequence 



Priority level seven is a special case. Level seven interrupts 
cannot be inhibited by the interrupt priority mask, thus pro- 
viding a **non-nia8kable interrupt** capability. An interrupt is 
generated each time the interrupt request level changes from 
some lower level to level seven. Note that a level seven interrupt 
may still be caused by the level comparison if the request level 
is a seven and the processor priority is set to a lower level by an 
instruction. 

UNINITIALIZED INTERRUPT 

An interrupting device asserts V?A or provides an interrupt 
vector during an interrupt acknowledge cycle to the 68000. 
If the vector register has not been initialized, the responding 
HD68000 Family peripheral will provide vector 15, the un- 
itialized interrupt vector. This provides a uniform way to 
recover from a programming error. 

SPURIOUS INTERRUPT 

If during the inter ru pt ack nowledge cycle no device responds 
by asserting DTACK or VPA, the bus error line should be assert- 
ed to terminate the vector acquisition. The processor separates 
the processing of this error from bus error by fetching the 
spurious interrupt vector instead of the bus error vector. The 
processor then proceeds with the usual exceptk>n processing. 

INSTRUCTION TRAPS 

Traps are exceptions caused by instructions. They arise 
either from processor recognition of abnormal conditions 
during instruction execution, or from use of instructions whose 
normal behavior is trapping. 

Some instructions are used specifically to generate traps. 
The TRAP instruction always forces an exception, and is useful 
for implementing system calls for user programs. The TRAPV 
and CHK instructions force an exception if the user program 
detects a runtime error, which may be an arithmetic overflow 
or a subscript out of bounds. 

The signed divide (DIVS) and unsigned divide (DIVU) in- 
structions will force an exception if a division operation is 
attempted with a divisor of zero. 

ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS 

lUegal instruction is the term used to refer to any of the 
word bit patterns which are not the bit pattern of the fint 
word of a legal instruction. During instruction execution, if 
such an instruction is fetched, an illegal instruction exception 
occurs. 



Word patterns with bits 15 through 12 equaling 1010 or 
nil are distinguished as unimplemented instructions and 
separate exception vectors are given to these patterns to per- 
mit efficient emulation. This facility allows the operating 
system to detect program errors, or to emulate unimplemented 
instructions in software. 

ILLEGAL INSTRUCTION EXAMPLE 

MOVE DO, #$1000 
i 

MOVE OP WORD 



MOVE 
WORD 



100111 
IMMEDIATE 



000 

"~1 — 

DATA 
REGISTER 
DIRECT 



000 

~? — 

REGISTER 
NUMBER 

"0" 



PRIVILEGE VIOLATIONS 

In order to provide system security, various instructions 
are privileged. An attempt to execute one of the privileged 
instructions while in the user state will cause an exception. 
The privileged instruction are: 

STOP AND (word) Immediate to SR 

RESET EOR (word) Immediate to SR 

RTE OR (word) Immediate to SR 

MOVE to SR MOVEUSP 

TRACING 

To aid in program development, the 68000 includes a facility 
to allow instruction by instruction tracing. In the trace state, 
after each instruction is executed an exceptions is forced, allow- 
ing a debugging program to monitor the execution of the pro- 
gram under test. 

The trace facility uses the T-bit in the superrisor portion 
of the status register. If the T-bit is negated (ofl)* tracing is 
disabled, and instruction execution proceeds from instruction 
to instruction as normal. If the T-bit is asserted (on) at the 
beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is 
completed. If the instruction is not executed, either because 
an interrupt is taken, or the instruction is illegal or privileged, 
the trace exception does not occur. The trace exception also 
does not occur if the instruction is aborted by a reset, bus 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 963 



HD68000/HD68HC000 



error, or address error exception. If the instruction is indeed ex- 
ecuted and an interrupt is pending on completion, the trace 
exception is processed before the interrupt exception. If, during 
the execution of the instruction, an exception is forced by that 
instruction, the forced exception is processed before the trace 
exception. 

As an extreme illustration of the above rules, consider the 
arrival of an interrupt during the execution of a TRAP instruc- 
tion while tracing is enabled. First the trap exception is pro- 
cessed, then the trace exception, and finally the interrupt ex- 
ception. Instruction execution resumes in the interrupt handler 
routine. 



TRACE MODE 



STATUS REGISTER 



AFTER EACH 
INSTRUCTION 



ADDRESS OBTAINED 
FROM VECTOR TABLE 



MAIN 
PROGRAM 



TRACE 
PROGRAM 



RETURN TO 
I EXECUTE 
I NEXT 

INSTRUCTION 



1 If, upon completion of an instruction, T = 1, 
go to trace exception processing 

2 Execute trace exception sequence 

3 Execute trace service routine 

4. At the end of the service routine, execute 
return from exception (PTE) 



more detailed. To save more of this context, additional infor- 
mation is saved on the supervisor stack. The program counter 
and the copy of the status register are of course saved. The value 
saved for the program counter is advanced by some amount, 
one to five words beyond the address of the first word of the 
instruction which made the reference causing the bus error. If 
the bus error occurred during the fetch of the next instruction, 
the saved program counter has a value in the vicinity of the 
current instruction, even if the current instruction is a branch, 
a jump, or a return instruction. Besides the usual information, 
the processor saves its internal copy of the first word of the 
instruction being processed, and the address which was being 
accessed by the aborted bus cycle. Specific information about 
the access is also saved: whether it was a read or a write, wheth- 
er the processor was processing an instruction or not, and the 
classification displayed on the function code outputs when 
the bus error occurred. The processor is processing an instruc- 
tion if it is in the normal state or processing a Group 2 excep- 
tion; the processor is not processing an instruction if it is pro- 
cessing a Group or a Group 1 exception. Figure 45 illustrates 
how this information is organized on the supervisor stack. 
Although this information is not sufficient in general to effect 
full recovery from the bus error, it does allow software diag- 
nosis. Finally, the processor commences instruction processing 
at the address contained in the vector. It is the responsibility 
of the error handler routine to clean up the stack and determine 
where to continue execution. 

If a bus error occurs during the exception processing for a 
bus error, address error, or reset, the processor is halted, and 
all processing cases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself from the 
syste m rather than destroy all memory contents. Only the 
RES pin can restart a halted processor . 



BUS ERROR 

Bus error exceptions occur when the external logic requests 
that a bus error be processed by an exception. The current bus 
cycle which the processor is making is then aborted. Whether 
the processor was doing instruction or exception processing, 
that processing is terminated, and the processor immediately 
begins exception processing. 

Exception processing for bus error follows the usual se- 
quence of steps. The status register is copied, the supervisor 
state is entered, and the trace state is turned off. The vector 
number is generated to refer to the bus error vector. Since the 
processor was not between instructions when the bus error 
exception request was made, the context of the processor is 



ADDRESS ERROR 

Address error exceptions occur when the processor attempts 
to access a word or a long word operand or an instruction at 
an odd address. The effect is much like an internally generated 
bus error, so that the bus cycle is aborted, and the processor 
ceases whatever processing it is currently doing and begins 
exception processing. After exception processing commences, 
the sequence is the same as that for bus error including the 
information that is stacked, except that the vector number 
refers to the address error vector instead. Likewise, if an address 
error occurs during the exception processing for a bus error, 
address error, or reset, the processor is halted. As shown in 
Figure 46, an address error will execute a short bus cycle follow- 
ed by exception processing. 
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15 14 13 12 11 



10 



Lower Address 



— — • Access Address - 



> 1 
R/W l/N Function Code 



High 
Low 



Instruction Register 



Status Register 



High 

' — -Program Counter- — — — — — —— — — — — — — — 

Low 



R/W (read/write): write = 0, read = 1 . l/N (instruction/not) - instruction r 0, not = 1 



Figure 45 Exception Stack Order (Group 0) 




D_-^ Aerr ^ j ^ Approx 8 Clocks I ... ^ . . 

-Read -i^*- -^^.^^ ^ ^ Write Stack- 



Figure 46 Address Error Timing 



■ INTERFACE WITH HD6800 PERIPHERALS 

Hitachi's extensive line of HD6800 peripherals are directly 
compatible with the 68000. Some of these devices that are par- 
ticularly useful are: 

HD6821 Peripheral Interface Adapter 

HD6840 Programmable Timer Module 

HD6843 Floppy Disk Controller 

HD6845S CRT Controller 

HE>46508 Analog Data Acquisition Unit 

HD6850 Asynchronous Communication Interface 
Adapter 

HD6852 Synchronous Serial Data Adapter 
To interface the synchronous HD6800 peripherals with the 
asynchronous 68000, the processor modifies its bus cycle to meet 
the HD6800 cycle requirements whenever an HD6800 device 
address is detected. This is possible since both processors use 
memory mapped I/O. Figure 48 is a flow chart of the interfer- 
ence operation between the processor and HD6800 devices. 



• DATA TRANSFER OPERATION 

Three signals on the processor provide the HD680 interface. 
They are enable (E) , vali d memory address (VMA), and valid 
peripheral address (VPA). Enable corresponds to the E or 02 
signal in existing HD68()0 systems. The bus frequency is one 
tenth of the incoming 68000 clock frequency. The timing of E 
allows 1 MHz peripherals to be used with an 8 MHz 68000. 
Enable has a 60/40 duty cycle; that is, it is low for six input 
clocks and high for four in put c locks. This duty cycle allows the 
processor to do successive VPA accesses on successive E pulses. 

HD6800 cycle timing is given in Figures 49 and 50. At state 
zero (SO) in the cycle, the address bus is in the high-impedance 
state. A function code is asserted on the function code output 
lines. One-half clock later, in state 1 the address bus is released 
from the high-impedance state. 

During state 2, the address strobe (AS) is asserted to in- 
dicate tnat there is a valid address on the address bus. If the 
bus cycle is a read cycle, the upper and/or lower data strobes 
are also asserted in state 2. If the bus cycle is a write cycle. 
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Address 
Bus 



VMA 
E 



Do ~ D7 (or Dh ~ Dis) 



Decode for 
HD6800 
Peripherals 




Jlir> Address 



CS's 
CS 



Block of 
HD6800 
Devices 



Figure 47 Connection of HD6800 Peripherals 



the read/write (R/W) signal is switched to low (write) during 
state 2. One half clock later, in state 3, the write data is placed 
on the data bus, and in state 4 the data strobes are issued to 
indicate valid data on the data bus. The processor now inserts 
wait states until it recognizes the assertion of VPA. 

The VPA input signals the processor that the address on the 
bus is the address of an HD6800 device (or an area reserved for 
HD6800 devices) and that the bus should conform to the </)2 
transfer characteristics of the HD6800 bus. Valid peripheral 
address is derived by decoding the address bus, conditioned by 
address strobe. Chip select for the HD6800 peripherals shoul d 
be derived by decoding th e add ress bus conditioned by VMA. 

After the recognition of VPA, the processor assures that the 
Enabl e (E) i s low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 
chip select equation of the peripheral. This ensures that the 
HD6800 peripherals are selected and deselected at the correct 
time. The peripheral now runs in cycle during the high portion 
of the E signal. Figures 49 and 50 depict the best and worst case 
HD6800 cy cle ti ming. This cycle length is dependent strictly 
upon when VPA is asserted in relationship to the E clock, 
dependent strictly upon when VPA is asserted in relationship 
to the E clock. 

If we assume that external circuitry asserts VFA as soon as 
possible after the assertion of AS, then VPA will be recognized 
as being asserted on the falling edge of S4. In this case, no 
"extra" wait cycles will be inserted prior to the recognition of 
VPA asserted and only the wait cycles inserted to synchronize 
with the E clock will determine the total length of the cycle. 
In any case, the synchronization delay will be some integral 
number of clock cycles within the following two extremes: 

1. Best Case - VPA is recognized as being asserted on the 
falling edge three clock cycles before E rises (or three 
clock cycles after E falls). 

2. Worst Case - VPA is recognized as being asserted on the 
falling edge two clock cycles before E rises(or four clock 
cycles after E falls). 

During a read cycle, the processor latches the peripheral 
data in state 6. For all cycles, the processor negates the address 
and data strobes one half clock cycle later in state 7, and the 
Enable signal goes low at this time. Another half clock later, 
the address bus is put in the high-impedance state. During a 
write cycle, the data bus is put in the high-impedance state 



PROCESSOR SLAVE 

initiate Cycle 
1 ) The processor starts a normal Read or 
Write cycle 1 



Define HD6800 Cycle 
1 ) External hardw are asserts Valid Peripheral 
Address (VPA) 



Synchronize With Enable 

1) The processor monitors Enable (E) until it is 
low (Phase 1 ) 

2) The pr ocessor asserts Valid Memory Address 
(VMA) 




Transfer Data 
1 ) The peripheral waits until E is active and 
then transfers the data 




Terminate Cycle 

1 ) The processor waits until E goes low. (On a 
Read cycle the data is latched as E goes 
low internally) 

2) The processor negates VMA 

3) The processor negates AS, UDS. and LPS 



Start Next Cycle 



Figure 48 HD6800 Interface Flow Chart 
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VMA \ / 

Figure 49 68000 to HD6800 Peripheral Timing— Best Case 
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DTACK 
Data Out 

Data In — 
FCo~FC2 y 



> 
> 



VMA 



A / U 

r 



™ \ r 



Figure 50 68000 to HD6800 Peripheral Timing— Worst Case 
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HVICS6800* 

h 150 ni — 

h 180 ni — 

H 270 ni 



HMCS6800 VMA, R/^ 

HMCS6800 Addrtti ) ^ 



Tvp»B 
Tvp« A 
Std 



Ptriphtr«l* , 

70ni-»j TyptB 
k— 140ni-»j Typf A 
U— 140nt-H Std 



HMCS6800 E Clock Frtq. 


Tvp« 


2.0 MHs 


B 


1.5 MHi 


A 


1.0 MHt 


Std 



ni HMCS6800* 
10 ni Ptriphtral* 



TvP«B 
Tvpt A 

Std 



Ptriphtril* 

— 180 ni— 
— 220 ni— 



HMCS6800 RMd Data . 

HMCS6800 Writs Data 
68000 Address 
AS ' 



TvpaB 
Tvpt A 

Std 



r»ripn»rii 

Eeoni » 
80 ni » 
195 ni » 



k— 10 ni 
p— 10 ni 



HMCS6800* 
Pariphcril 



JW 



68000 (8 MHz) 
K-200 n$ ^ 



Write Data 
68000 CLK 



• Times are expressed for different device clock frequencies 



Figure 51 68000 to HD6800 Peripheral Timing Diagram 

3 3k 




Figure 52 HD6800 Interface— Example 1 
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and the read/ write s ignal is switched high. The peripheral logic 
must remove VPA within one clock after address strobe is 
negated. 

Figure 51 shows the timing required by HD6800 peripherals, 
the timing specified for HD6800, and the corresponding timing 
for the 68000. TVvo example systems with HD6800 peripherals 
are shown in Figures 52 and 53. The system in Figure 52 reserves 
the upper eight megabytes of memory for HD6800 peripherals. 
The system in Figure 53 is more efficient with memory and 
easily expandable, but more complex. 



DTACK should no t be asserted while VPA is asserted. 
Notice that the 68000 VMA is active low, contrasted with the 
active high HD6800 VMA. This allows the processor to put its 
buses in the high-impedance state on DMA requests without 
inadvertently selecting peripherals. 

• INTERRUPT OPERATION 

During an interrupt ackno wledge cycle while the processor is 
fetchi ng the vector, if VPA is asserted, the 68000 will assert 
VMA and complete a normal HD6800 read cycle as shown in 
Figure 54. The processor will then use an internally generated 



CLK 
A, - A, 
A4 - A2, 
AS 

Uds 
Eds 

R/W 



so S2 S4 S6 S8 SO S2 S4 Sw Sw Sw Sw Sw Sw Sw Sw Sw Sw S6 

jiJiJiJxnjajijijTjnjiJxr^^ 

( H >— 



J \. 



DTACK' 

On -0,5 ' 
Do - D7 * 
FCo - FC2 ] 
IFL., - fPU ' 



Processing 



— PC Low Stacking—*^ 



-Autovector Operation - 



^ Internal 
Processing 



' Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing. The 
processor does not recognize anything on data lines Ds through D,5 at this time 

Figure 54 Autovector Operation Timing Diagram 



vector that is a function of the interrupt being serviced. This 
process is known as autovectoring. The seven autovectors are 
vector numbers 25 through 31 (decimal) . 

This operates in the same fashion (but is not restricted to) 
HD6800 interrupt sequence. The basic difference is that there 
are six normal interrupt vectors and one NMI type vector. As 
with both the HD6800 and the 68000's normal vectored inter- 
rupt, the interrupt service routine can be located anywhere in 
the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigne d by th e user. 

Since VMA is asserted autovectoring, the HD6800 peripheral 
address decoding should prevent unintended accesses. 



■ CONDITION CODES COMPUTATION 

This provides a discussion of how the condition codes were 
developed, the meanings of each bit, how they are computed, 
and how they are represented in the instruction set details. 

• CONDITION CODE REGISTER 

The condition code register portion of the status register con- 
tains five bits: 
N - Negative 
Z - Zero 
V - Overflow 
C - Carry 
X - Extend 

The first four bits are true condition code bits in that they 
reflect the condition of the resuh of a processor operation. 
The X-bit is an operand for multiprecision computations. The 
carry bit (C) and the multiprecision operand extend bit (X) 
are separate in the 68000 to simpHfy the programming model. 
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• CONDITION CODE REGISTER NOTATION 

In the instruction set details, the description of the effect on 
the condition codes is given in the following form: 
Condition Codes: x N z v c 



Where 



N (negative) set if the most significant bit of the result 
is set. Cleared otherwise. 

Z (zero) set if the resuh equals zero. Cleared otherwise. 

V (overflow) set if there was an arithmetic overflow. This 
implies that the result is not representable 
in the operand size. Cleared otherwise. 

C (carry) set if a carry is generated out of the most 
significant bit of the operands for an addition. 
Also set if a borrow is generated in a subtrac- 
tion. Cleared otherwise. 



X (extend) transparent to data movement. When affect- 
ed, it is set the same as the C-bit. 
The notational convention that appears in the representation 
of the condition code registers is: 

♦ set according to the result of the operation 
— not affected by the operation 

cleared 

1 set 

U undefined after the operation 

• CONDITION CODE COMPUTATION 

Most operations take a source operand and a destination 
operand, compute, and store the result in the destination 
location. Unary operations take a destination operand, com- 
pute, and store the result in the destination location. Table 22 
details how each instruction sets the condition codes. 



Table 22 Condition Code Computations 



Opcrstions 








V 


c 


Specol Definition 


ABCD 


• 


U 


? 


u 


7 


C = Decimal Carry 
Z = Z • Rm • .. • RO 


ADO, ADDI, 
ADDQ 


* 


* 

— - — 




7 


7 


V = Sm • Dm • Rm + Sm • Dm • Rm 
C = Sm • Dm + Rm • Dm + Sm • Rm 


ADDX 


■ — - — 










V = Sm • Dm • Rm + 5m • CJm • Rm 
C = Sm • Dm + Rm • Dm + Sm • Rm 
Z = Z • Rm • .. • RO 


AND.ANDI, 
EOR, EORI, 
MOVEQ, MOVE, 
OR.ORl', 
CLR, EXT, 

M/^T TAC TOT 


- 


• 


• 










CHK 






u 


u 


u 




SUB, SUBI 
SUBQ 












V = 5m • Dm • Rm + Sm • Drfi • Rm 
C = Sm • Dm + Rm • Dm + Sm • Rm 


SUBX 






7 


7 


? 


V = 5m • Dm • Rm + Sm • Dm • Rm 
C = Sm • Dm + Rm • Dm + Sm • Rm 
Z = Z • Rm • . • RO 


CMP,CMPI, 
CMPM 








7 


7 


V = 5m • Dm • Rm + Sm • Dm • Rm 
C = Sm • Dm + Rm • Dm + Sm • Rm 


DIVS,DIVU 








7 





V = Division Overflow 


MULS, MULU 
















SBCD, NBCD 




u 


7 


u 


7 


C = Decimal Borrow 
Z = Z • Rm • ... • RO 


NEG 
NEGX 






7 


? 

7 


7 
7 


V = Dm • Rm, C = Dm + Rm 

V = Dm • Rm, C = Dm + Rm 
Z = Z • Rm • .. • RO 


BTST, BCHG, 
BSET, BCLR 






7 






Z =DH 


ASL 








7 


7 


v = Dm- (d;;^^ + .. + ^) 

+ Dm • (Dm-1 + ...+ Dm.r) 
C = Dm.,+1 


ASL (r » 0) 
















LSL, ROXL 











7 


C=D^.,^, 


LSR (r - 0) 
















ROXL (r - 0) 











? 


C = X 


ROL 











? 


C = 0,r^.r*^ 


ROL (r « 0) 
















ASR, LSR, ROXR 











? 


C = D,.i 


ASR, LSR (r * 0) 
















ROXR (r « 0) 











? 


C = X 


ROR 











? 


C = D,., 


ROR (r - 0) 

















- Not affactad * Ganarai Caw Sm - Source operand most significant bit 

U Undafinad X - C Om - Destination operand most significant bit 

? Other— see Special Definition N " Rm Rm - Result bit most significant bit 

Z - Rm • • RO n - bit number 

r - shift amount 
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• CONDITIONAL TESTS 

Table 23 lists the condition names, encodings, and tests 
for the conditional branch and set instructions. The test associ- 
ated with each condition is a logical formula based on the 
current state of the condition codes. If this formula evaluates to 



1 , the condition succeeds, or is true. If the formula evaluates to 
0, the condition is unsuccessful, or false. For example, the T 
condition always succeeds, while the £Q condition succeeds 
only if the Z bit is currently set in the condition codes. 



Table 23 Conditional Tests 



Mnemonic 


Condition 


Encoding 


Test 


T 


true 


0000 


1 


F 


false 


0001 





HI 


high 


0010 


c • z 


LS 


low or same 


0011 


c + z 


CC 


carry clear 


0100 


C' 


CS 


carry set 


0101 


c 


NE 


not equal 


0110 


z 


EG 


equal 


0111 


z 


VC 


overflow clear 


1000 


V 


VS 


overflow set 


1001 


V 


PL 


plus 


1010 


N 


Ml 


minus 


1011 


N 


GE 


greater or equal 


1100 


N • V + N • V 


LT 


less than 


1101 


N • V + W- V 


GT 


greater than 


1110 


N • V • r+N • V • Z 


LE 


less or equal 


1111 


Z+N • V+N- V 



■ INSTRUCTION SET 

The following paragraphs provide information about the 
addressing categories and instruction set of the 68000. 

• ADDRESSING CATEGORIES 

Effective address modes may be categorized by the ways 
in which they may used. The following classifications will 
be used in the instruction definitions. 

Data If an effective address mode may be used to refer 

to data operands, it is considered a data address- 
ing effective address mode. 

Memory If an effective address mode may be used to refer 
to memory operands, it is considered a memory 
addressing effective address mode. 

Aherable If an effective address mode may be used to refer 
to alterable (writeable) operands, it is considered 
an alterable addressing effective address mode. 

Control If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered a control addressing effective address 
mode. 

Table 24 shows the various categories to which each of the 
effective address modes belong. Table 25 is the instruction set 
summary. 

The status register addressing mode is not permitted unless 
it is explicitly mentioned as a legal addressing mode. 

These categories may be combined so that additional, more 
restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 



memory or data alterable. The former refers to those address- 
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 
alterable. 

• INSTRUCTION PRE-FETCH 

The 68000 uses a 2-word tightly-coupled instruction prefetch 
mechanism to enhance performance. This mechanism is described 
in terms of the microcode operations involved. If the execution 
of an instruction is defined to begin when the microroutine for 
that instruction is entered, some features of the prefetch 
mechanism can be described. 

1 ) When execution of an instruction begins, the operation 
word and the word following have already been fetched. 
The operation word is in the instruction decoder. 

2) In the case of multi-word instructions, as each addi- 
tional word of the instruction is used internally, a fetch 
is made to the instruction stream to replace it. 

3) The last fetch from the instruction stream is made when 
the operation word is discarded and decoding is started 
on the next instruction. 

4) If the instruction is a single-word instruction causing a 
branch, the second word is not used. But because this 
word is fetched by the preceding instruction, it is im- 
possible to avoid this superfluous fetch. In the case of 
an interrupt or trace exception, both words are not used. 

5) The program counter usually points to the last word 
fetched from the instruction stream. 
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Table 24 Effective Addressing Mode Categories 



Effective 








Addressing Categories 


Address 


Mode 


Register 


Data 
















Modes 






Memory 


Control 


Alterable 


Dn 


000 


register number 


X 


- 


- 


X 


An 


001 


register number 




- 


- 


X 


An@ 


010 




X 


X 


X 


X 


An@ + 


oil 


register number 


X 


X 




X 


An@ - 


1 nn 

lUU 


register number 


X 


X 




X 


An@(d) 


101 


register number 


X 


X 


X 


X 


An@(d, ix) 


110 


register number 


X 


X 


X 


X 


XXX. W 


111 


000 


X 


X 


X 


X 


XXX. L 


111 


001 


X 


X 


X 


X 


PC@{d) 


111 


010 


X 


X 


X 




PC@(d, ix) 


111 


oil 


X 


X 


X 




#xxx 


111 


100 


X 


X 







The following example illustrates many of the features of 
instruction prefetch. The contents of memory are assumed to 
be as illustrated in Figure 55. 





ORG 





DEFINE RESTART VECTOR 




DC.L 
DC.L 


INISSP 
RESTART 


INITIAL SYSTEM STACK POINTER 
RESTART SYSTEM ENTRY POINT 




ORG 
DC.L 


INTVECTOR 
INTHANDLER 


DEFINE AN INTERRUPT VECTOR 
HANDLER ADDRESS FOR THIS VECTOR 




ORG 




SYSTEM RESTART CODE 


RESTART: 


NOP 

BRA.S 

ADD.W 


LABEL 
DO, D1 


NO OPERATION EXAMPLE 

SHORT BRANCH 

ADD REGISTER TO REGISTER 


LABEL 


SUB.W 
CMP.W 
SGE.B 


DISP(AO), A1 
D2. D3 
D7 


SUBTRACT REGISTER INDIRECT WITH OFFSET 
COMPARE REGISTER TO REGISTER 
Sec TO REGISTER 


INTHANDLER: 

MOVE.W 

NOP 

SWAP.W 


L0NGADR1, L0NGADR2 


MOVE WORD FROM AND TO LONG ADDRESS 
NO OPERATION 
REGISTER SWAP 



Figure 55 Instruction Prefetch Example, Memory Contents 



The sequence we shall illustrate consists of the power-up The order of operations described within each microroutine is 
reset, the execution of NOP, BRA, SUB, the taking of an not exact, but is intended for illustrative purpose only, 
interrupt, and the execution of the MOVE.W xxx. L to yyy.L. 
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Microroutine 


Operation 


Location 


Operand 


Reset 


Read 





SSP High 




Read 


2 


SSP Low 




Read 


4 


PC High 




Read 


Q 






Read 


(PC) 


NOP 




Read 


-t-(PC) 


BRA 










NOP 


Read 


"^(PC) 


ADD 










BRA 


PC PC d 








Read 


(PC) 


SUB 




Read 


'**(PC) 


DiSP 










SUB 


Read 


-<-(PC) 


CMP 




Read 




<$rc> 




Read 


"^(PC) 


SGE 










INTERRUPT 


Write 


- (SSP) 


PC Low 




Read 


INT Arte > 


Vector # 




Write 


-(SSP) 


SR 




Write 


-(SSP) 


PC High 




Read 


(VR) 


PP Hioh 




Read 


'*'(VR) 


PC Low 




Read 


(PC) 


MOVE 




Read 


+ {PC) 


AAA ni{|n 




< begin MOVE> 






MOVE 


Read 


+ (PC) 


XXX Low 




Read 


+ (PC) 


yyy High 




Read 


XXX 


<$rc> 




Read 


+ (PC) 


yyy Low 




Write 


vvv, 


<de$t> 




Read 


+ {PC) 


NOP 




Read 


+ (PC) 


SWAP 




< begin NOP> 







Figure 56 Instruction Prefetch Example 



• DATA PREFETCH 

Normally the 68000 prefetches only instructions and not 
data. However, when the MOVEM instruction is used to move 
data from memory to registers, the data stream is prefetched in 









MOVE TWO 








LONGWORDS 




MOVEM. L 


A, D0/D1 


INTO REGISTERS 


A 


DC.W 


1 


WORD 1 


B 


DC.W 


2 


WORD 2 


C 


DC.W 


3 


WORD 3 


D 


DC.W 


4 


WORD 4 


E 


DC.W 


5 


WORD 5 


F 


DC.W 


6 


WORD 6 



order to optimize performance. As a result, the processor reads 
one extra word beyond the higher end of the source area. For 
example, the instruction sequence in Figure 57 will operate as 
shown in Figure 58. 



Assume Effective Address Evaluation is Already Done 


Microroutine 


Operation 


Location 


Other Operations 


MOVEM 


Read 


A 






Read 




Prepare to Fill DO 




B 


A-*DOH 




Read 


C 


B-^DOL 








Prepare to Fill D1 




Read 


D 


C->D1H 




Read 


E 


D-*D1L 








Detect Register List Coniplete 



Figure 57 MOVEM Example, Memory Contents 



Figure 58 MOVEM Example, Operation Sequence 
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Table 25 Instruction Set 




A Address Re|ister 9 

C Test Condition 

Data Register S 

e Source Effective Address 

E Destination Effective Addre 



Opcode Bit Pattern Key 

( Direction 0- Right 1-Letl R Destination Register 
M Destination EA Mode S Size 00 Byte 

P Displacement 01 Word 

r Source Register 11 Another Operal 

V Vector n 



(to be continued) 
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Mnemonic 
Operation 



LSL, LSR 

Logical Shift 



Memory 
MOVE 

Move Data 



Move to Con- 
dition Codes 
MOVE 

Move to from 
Status Reg 
MOVE 

Move to from 
UserSP{A7) 
MOVEA 
Move Address 
MOVEM 
Move Multiple 



MOVEP 

Move 
Peripheral 

MOVEQ 

Move Quick 

MULS 

Multiply 

Signed 

MULU 

Multiply 



Negate Binary 
NESX 

Negative Multi 



Inclusive OR 
Logical 

ORI »* 

OR Immediate 
PEA 

Push Effect- 
ive Address 
ROR, ROL 
Rotate 



count On 
count ttl-i 
count On 



s (h) 
sd(An) 
s d(/ViX) 
s AbsW 

s On 



d 2 



count «»-8 d- 



mm 

mm 

MOVEA 
MOVEA 
MOVEA 
MOVEA 
WW* 
MOir» 
mai 

MOVEA 

MO/EA 
MOVEA 
MOVEA 
MOVEA 

HOftA 
IKW* 

iwifl;* 

MOVEA 
MOVEA 
MWEA 
MOVEA 



8 'It; 



4 t2-8n 



m 
m 

30 » 



J?.4r 8 



i8-8R 8 le-Sn 8 



2* 



Immed 
d-SR/CC 



18*8n 



Opcode Bit Pattern 
1111 11 

5432 1098 7654 3210 



1110 rrrf 
1110 QQQf 
I 110 rrrf 
i no QQQf 
10 001 f 



OOSS RRRN NMctce«t l <d •••00 



OtOO 0100 



0100 01 10 
0100 0000 



i*f$ 



mm im^ 

0000 DDDI 
0000 DDDI 
0000 DDDI 
0000 DDDI 



I 100 DDDI 



0100 1000 
0100 0000 



0100 01 to 



SSIO IDDD 
SSOO IDDD 
1010 IDDD 
1000 IDDD 
11 EE EEEE 



DODO immm 



00 EE EFEE 
SSEE £EEE 

SSEE EEEE 



SSEE EEEE 




X -J Left 




Di^s -On 



\ 

-'d X ♦ 



Condition 
Codes 
XN2VC 



-**00 
-♦♦00 

***** 



ole Refer lo Condition Coiie Comp 

as tor condition Code 
■ Word only 



D Dat« Register 9 
e Source EHective *<1 
E Destination Ettectiv< 



Opcode Bit Pattvrn Kay 

f Direction O-Rijtrt 1-Lett R Destination Register 

M Destination EA Mode S Sue 00- Byte /In the MOVE Instrui 

P Displacement 01 -Word 01 -Byte 

Ou'cti Immediate Data 10- Long Word 10 -Long Word 

r Source Register 11 -Another Operation \ 11 -Word 



(to be continued) 
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Number of Clock Poriodt 



A, Addrtss fttgisttr » 

C. TMt Condition 

D«t« R«|ist«r t 

» Source Elltctivo Addrtts 

E Dtstination Efttclive Address 



Opcodt Bit Pattern Kay 

t Directior 0-Ri(ht 1-L«tt R Destination Register 

M Destinelion EA Mode S Size 00 Byte 

P Oisplacemeni 01 Word 

Q Quick Immediete Data 10 -Long Word 

r Source Register U Another Operation 
V Vector 8 
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■ INSTRUCTION FORMAT SUMMARY instructions according to the op-code map. 

This provides a summary of the first word in each instruction where, Size; Byte =00 Sz; Word = 

of the instruction set. Table 26 is an operation code (op-code) Word = 01 Long Word = 1 

map which illustrates how bits 15 through 12 are used to Long Word = 10 

specify the operations. The remaining paragraph groups the 



Table 26 Operation Code Map 



Bits 
15 thru 12 


Operation 


0000 


Bit Manipulatton/MOVEP/lmmediate 


0001 


Move Byte 


0010 


Move Long 


001 1 


Move wora 


0100 




0101 


ADDQ/SUBQ/Scc/DBcc 


0110 


Bcc 


0111 


MOVEQ 


1000 


OR/DIV/SBCD 


1001 


SUB/SUBX 


1O10 


(Unassigned) 


1011 


CMP/EOR 


1100 


AND/MUL/ABCD/EXG 


1101 


ADD/ADDX 


1110 


Shift/Rotate 


1111 


(Unassigned) 



(1) BIT MANIPULATION, MOVE PERIPHERAL. IMMEDIATE INSTRUCTIONS 
Dynamic Bit 



15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 4 3 2 1 


1 









Register 




Type 


Effective Address 


Static Bit 




















15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 4 3 2 1 


1 ° 











1 











Type 


Effective Address 


Bit Type Codes: TST = 00, CHG =01,CLR = 10, SET = 11 




MOVEP 

15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 4 3 2 1 


1 









Register 


Op-Mode 


1 1 1 1 Register 


Op-Mode, Word to Reg = 100, Long to Reg = 101 , Word to Mem =110, Long to Mem = 111 
OR Immediate 


15 


14 


13 


12 


11 


10 


9 


8 


7 6 


6 4 3 2 1 


|o 


















Size 


Effective Address 


AND Immediate 




















15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 4 3 2 1 


1° 

















1 





Size 


Effective Address 
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SUB ImrTMdiate 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 






















° 1 


Size 




Effective Address { 


ADO Immediate 
























IS 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4 3 2 1 



















1 


1 


I 


Size 


Effective Address | 


EOR Immediate 
























15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4' 3 2 1 















° 1 


1 




Size 




Effective Address | 


CMP Immediate 
























15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4 3 2 1 
















; ' 1 





1 


Size 




Effective Address j 


(2) MOVE BYTE INSTRUCTION 
















MOVE Byte 


























15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4 3 2 1 













1 


Register 


Destination 

1 


Mode 


Source 

Mode 1 Register 



(3) MOVE LONG INSTRUCTION 
MOVE Long 



15 


14 


13 


12 


11 10 9 8 7 6 


5 4 


3 2 


1 








1 





Destination 
Register | Mode 


Mode 


Source 

1 


Register 



(4) MOVE WORD INSTRUCTION 
MOVE Word 



15 


14 


13 


12 


11 10 9 8 7 6 


5 4 3 2 1 








1 


1 


Destination 
Register | Mode 


Source 

Mode 1 Register 



(5) MISCELLANEOUS INSTRUCTIONS 
NEGX 

IS 14 13 11 10 9 8 7 g S 4 3 2 1 






1 




















Size 


Effective Address 


SR 
IS 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4 3 2 1 






















' 1 ' 




Effective Address 




15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4 3 2 1 





1" 


1 








o 








Sii. 




Effective Address 
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NEG 



MOVE to CCR 
15 



NOT 



MOVE to SR 



1 [ J^O 



NBCD 



PEA 



SWAP 



13 



[ 



13 




1 



MOVEM Registers to EA 

15 14 13 



1 



EXTW 



EXTL 



TST 



TAS 



15 14 



13 



11 10 



Effective Address 



Effective Address 



Effective Address 



Effective Address 



Effective Address 



Effective Address 



Register 



Effective Address 



1 



Register 



Register 



Effective Address 



Effective Address 
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MOVEM EA to Registart 





16 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





1 

1 





1 








1 


1 








1 


Sz 




Effectiv* Address 




TRAP 




































15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





1 





1 










1 


1 








1 








1 


Vector 




LINK 




































IS 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 

















1 

• 


1 


1 








1 1 

1 







1 ^ 




Register 




UNLK 




































15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 









1 








1 


1 


1 


1 

1 





j 1 

1 







1 1 




Register 




MOVE to USP 


































15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 









1 








1 


1 


1 


1 , 




i, „., 


1 


1 




1 




Register 




MOVE from USP 


































15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 










1 








1 


1 


1 


1 ^ 


1 


1 1 


[_1 




i ' 


1 


Register 




RESET 




































IS 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 










1 








1 


1 


1 


1 

1 


1 


1 1 


1 




1 


1 


1 1 


1 


NOP 




































15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 









1 

_ : 








t 

1 


1 


1 


1 

1 


1 




1 ' 


1 


1 


1 


1 1 


1 1 


STOP 




































15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 









1 








1 1 

1 


1 


1 


1 




1 1 

1 


1 1 

1 


1 1 


1 


1 


1 ' 1 


1 


RTE 




































15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 














1 





1 1 






1 


1 ^ 






1 1 


1 


1 « 


1 ' 1 


1 1 


RTS 




































15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


















1 1 


1 




1 • 


1 » 


1 ' 


1 ' 


1 1 


1 


1 1 


1 1 


1 1 


TRAPV 




































15 


14 


13 


t2 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 




















1 1 


1 




1 « 


1 » 


1 ' 


1 1 


1 1 




1 ' 


1 ' 1 


1 
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RTR 



15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 i 


1 





I 


1 


h h 





1 1 


1 


1 1 1 1 1 i 1 1 


' 


JSR 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 1 


1 





1 


1 







, 1 




Effectiyp Address 




JMP 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 ° 1 


1 





1 


1 


1 ' h 




^ 1 ^ 




Effective Address 




CHK 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 ^ 1 


1 


> 


1 




Register 


1 


1 1 


Effective Address 


LEA 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 ° 1 


1 





1 




Register 




1 1 ' 




Effective Address 




(6) ADD QUICK, SUBTRACT QUICK. SET CONDITIONALLY, DECREMENT INSTRUCTIONS 


ADDQ 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 ° 1 


1 





^ 1 




Data 





1 Size 




Effective Address 




SUBQ 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 ° 1 


1 





1 1 




Data 


1 


Size 




Effective Address 




Sec 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 ° 1 


1 




^ i 




Condition 




' 1 ' 




Effective Address 




DBcc 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 ° 1 


1 





' 1 




Condition 




1 1 1 





1 1 1 1 Register 




(7) BRANCH CONDITIONALLY, BRANCH TO SUBROUTINE INSTRUCTION 




15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1 ^ 1 


1 


1 


1 




Condition 






8 bit Displacement 




BSR 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





|o J 






1 





hi" 


1 




8 bit Displacement 


1 


(8) MOVE QUICK INSTRUCTION 
















MOVEQ 

15 


14 


13 


12 


11 


10 9 


8 


7 6 


5 


4 3 2 1 





1" 1 






' 1 




Register 









Data 
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(9) OR, DIVIDE, SUBTRACT DECIMAL INSTRUCTIONS 



15 


14 


13 


12 


11 10 9 


8 7 6 


5 


4 3 2 1 





1 








|o 


Register 


1 Op-Mode 


Effective Address 



Op-Mode 

000 001 010 On V EA-»>On 
100 101 110 EAvDn-^EA 



DIVU 



15 


14 


13 


12 


11 10 9 


8 


7 


6 


5 


4 


3 


2 1 


1 











Register 





1 






Effective Address 


15 


14 


13 


12 


11 10 9 


8 




6 


5 


4 


3 


2 1 











Register 






' 




Effective Address 


15 


14 


13 


12 


11 10 9 


8 


7 


6 


5 


4 


3 


2 1 


1 











Destination 
Register 


1 














R/M 


Source Register 



R/M (register /memory): register - register = 0, memory ~ memory = 1 



(10) SUBTRACT, SUBTRACT EXTENDED INSTRUCTIONS 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

I 1 [ I [ 1 [ Register | Op-Mode | Effective Address 

Op-Mode 

000 001 010 On-EA-»^Dn 
100 101 110 EA-Dn-^EA 
- Oil 111 An-EA -►Aft 



15 


14 


13 


12 


11 10 9 


8 


7 6 


5 


4 


3 


2 1 


1 








1 


Destination 
Register 


1 


Size 








R/M 


Source Register 



R/M (register /memory): register - register » 0, memory — memory - 1 



(11) COMPARE, EXCLUSIVE OR INSTRUCTIONS 
CMP 





15 


14 13 


12 11 


10 9 


8 7 6 


5 


4 


3 2 1 







1 ' 


1 1 , 


1 ' 1 


Register 


Op-Mode 


1 




Effective Address 






8 

000 


Op-Mode 
W L 

001 010 Dn-EA 
Oil 111 An-EA 














CMPM 


15 


14 13 


12 11 


10 9 


8 7 6 


5 


4 


3 2 1 







1 ' 


1 1 , 


1 ' 1 


Rfgister 


1 1 1 Sixe 


1 " 1 





1 1 I Register 


1 


EOR 


15 


14 13 


12 11 


10 9 


8 7 6 


5 


4 


3 2 1 







1 ' 


|o 1, 


1 ^ 1 


Register 


1 1 1 Size 






Effective Address 


1 


(12) AND, MULTIPLY, ADD DECIMAL, EXCHANGE INSTRUCTIONS 








AND 


15 


14 13 


12 11 


10 9 


8 7 6 


5 


4 


3 2 1 







1 • 


1 1 |o 


h 1 


Register 


Op-Mode 






Effective Address 


1 



Op-Mode 
B W L 

000 001 010 On AEA-»>Dn 
100 101 110 EA ADn-^EA 
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MULU 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



1 


1 






u 







1 


1 




Effective 


Address 


15 


14 


13 


12 


11 10 9 


8 


7 


6 


5 


4 


3 


2 1 


1 


1 







Register 




1 






Effective Address 


15 


14 


13 


12 


11 10 9 


8 


7 


6 


5 


4 


3 


2 1 


1 


1 








Destination 
Register 


1 














R/M 


Source Register 



R/M (register/memory): register ~ register = 0, memory — memory = 1 



EXGD 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
I 1 I 1 I I 1 Data Register [iTo 1 Tolo Data Register 



EXGA 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
1 1 Address Register 1 01 01 Address Register 



EXGM 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
I 1 I 1 I I I Data Register |l |l |o|o|o|l | Address Register 

(13) ADD, ADD EXTENDED INSTRUCTIONS 
ADD 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
[ 1 [ 1 [ I 1 I Register [ Op-Mode [ Effective Address 

Op-Mode 

B W L 
000 001 010 Dn + EA->-Dn 
100 101 110 EA + Dn->EA 

- Oil 111 An-^EA~►An 

ADDX 





15 


14 


13 


12 


11 10 9 


8 


7 6 


5 


4 


3 


2 1 




1 


1 





1 


Destination 
Register 


1 


Size 








R/M 


Source Register 




R/M (register/memory): 


register — register 


= 0, memory — memory = 1 






(14) SHIFT/ROTATE 


INSTRUCTIONS 














Data Register Shifts 






















15 


14 


13 


12 


11 10 9 


8 


7 6 


5 


4 


3 


2 1 






1 






Count/Register 


d 


Size 




Type 


Register 


Memory Shifts 
























15 


14 


13 


12 


n 10 9 


8 


7 6 


5 


4 


3 


2 1 




1 


1 


1 ' 





1 Type 


d 


1 1 1 




Effective Address 



Shift Type Codes: AS = 00. LS = 01 , ROX = 10. RO = 1 1 
d (direction): Right = 0. Left = 1 

i/r (count source): Immediate Count = 0. Register Count = 1 
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■ INSTRUCTION EXECUTION TIMES 

The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. 
In this timing data, it is assumed that both memory read and 
write cycle times are four clock periods. Any wait states caused 
by a longer memory cycle must be added to the total instruc- 
tk>n time. The number of bus read and write cycles for each 
in8tructk>n is also included with the timing data. This data is 
enclosed in parenthesis following the execution periods and 
is shown as: (r/w) where r is the number of read cycles and 
w is the number of write cycles. 

(NOTE) The number of periods includes instruction fetch and all ap- 
plicable operand fetches and stores. 

• EFFECTIVE ADDRESS OPERAND CALCULATION 
TIMING 

Table 27 lists the number of clock periods required to com- 
pute an instruction's effective address. It includes fetching 
of any extension words, the address computation, and fetch- 
ing of the memory operand. The number of bus read and 
write cycles is shown in parenthesis as (r/w). Note there are 
no write cycles involved in processing the effective address. 

• MOVE INSTRUCTION CLOCK PERIODS 

Table 28 and 29 indicate the number of clock periods for 
the move instructk>n. This data includes instruction fetch, 
operand reads, and operand writes. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). 

• STANDARD INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 30 indicates 



the time required to perform the operations, store the results, 
and read the next instructk)n. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number 
of clock periods and the number of read and write cycles must 
be added respectively to those of the effective address calcula- 
tion where indicated. 

In Table 30 the headings have the following meanings: An = 
address register operand, Dn ~ data register operand, ea = an 
operand specified by an effective address, and M - memory 
effective address operand. 

• IMMEDIATE INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 31 includes 
the time to fetch immediate operands, perform the operations, 
store the results, and read the next operation. The number of 
bus read and write cycles is shown in parenthesis as: (r/w). 
The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective 
address calculation where indicated. 

In Table 31, the headings have the following meanings: 

• - immediate, operand, Dn = data register operand, An = ad- 
dress register operand, M = memory operand, CCR = condition 
code register, and SR = status register. 

• SINGLE OPERAND INSTRUCTION CLOCK PERIODS 

Table 32 indicates the number of clock periods for the 
single operand instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 



Table 27 Effective Address Calculation Timing 



Addressing Mode 


Byte, Word 


Long 




Register 






Dn 


Data Register Direct 


0(0/0) 


0(0/0) 


An 


Address Register Direct 


0(0/0) 


0(0/0) 




Memory 






An@ 


Address Register Indirect 


4(1/0) 


8(2/0) 


An© + 


Address Register Indirect with Postincrement 


4(1/0) 


8(2/0) 


An@- 


Address Register Indirect with Predecrement 


6(1/0) 


10(2/0) 


An9(d) 


Address Register Indirect with Displacement 


8(2/0) 


12(3/0) 


Ane(d, ix)* 


Address Register indirect with Index 


10(2/0) 


14(3/0) 


xxx.W 


Absolute Short 


8(2/0) 


12(3/0) 


xxx. L 


Absolute Long 


12(3/0) 


16(4/0) 


PC9(d) 


Program Counter with Displacement 


8(2/0) 


12(3/0) 


PC©(d, ix)* 


Program Counter with Index 


10(2/0) 


14(3/0) 


#xxx 


Immediate 


4(1/0) 


8(2/0) 



* The size of the index register (ix) does not affect execution time. 
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Table 28 Move Byte and Word Instruction Clock Periods 



Source 


Destination 


Dn 


An 


An@ 


An@ + 


An@- 


An@(d) 


An@(d.ix)* 


xxx. W 


xxx. L 


Dn 
An 
An@ 


4(1/0) 
4(1/0) 
8(2/0) 


4(1/0) 
4(1/0) 
8(2/0) 


8(1/1) 
8(1/1) 
12(2/1) 


8(1/1) 
8(1/1) 
12(2/1) 


8(1/1) 
8(1/1) 
12(2/1) 


12(2/1) 
12(2/1) 
16(3/1) 


14(2/1) 
14(2/1) 
18(3/1) 


12(2/1) 
12(2/1) 
16(3/1) 


16(3/1) 
16(3/1) 
20(4/1) 


An@ + 
An@- 
An@(d) 


8(2/0) 
10(2/0) 
12(3/0) 


8(2/0) 
10(2/0) 
12(3/0) 


12(2/1) 
14(2/1) 
16(3/1) 


12(2/1) 
14(2/1) 
16(3/1) 


12(2/1) 
14(2/1) 
16(3/1) 


16(3/1) 
18(3/1) 
20(4/1) 


18(3/1) 
20(3/1) 
22(4/1) 


16(3/1) 
18(3/1) 
20(4/1) 


20(4/1) 
22(4/1) 
24(5/1) 


An@(d, ix)' 
XXX. W 
XXX. L 


14(3/0) 
12(3/0) 
16(4/0) 


14(3/0) 
12(3/0) 
16(4/0) 


18(3/1) 
16(3/1) 
20(4/1) 


18(3/1) 
16(3/1) 
20(4/1) 


18(3/1) 
16(3/1) 
20(4/1) 


22(4/1) 
20(4/1) 
24(5/1) 


24(4/1) 
22(4/1) 
26(5/1) 


22(4/1) 
20(4/1) 
24(5/1) 


26(5/1) 
24(5/1) 
28(6/1) 


PC@(d) 

PC@(d,ix)* 

#xxx 


12(3/0) 
14(3/0) 
8(2/0) 


12(3/0) 
14(3/0) 
8(2/0) 


16(3/1) 
18(3/1) 
12(2/1) 


16(3/1) 
18(3/1) 
12(2/1) 


16(3/1) 
18(3/1) 
12(2/1) 


20(4/1) 
22(4/1) 
16(3/1) 


22(4/1) 
24(4/1) 
18(3/1) 


20(4/1) 
22(4/1) 
16(3/1) 


24(5/1) 
26(5/1) 
20(4/1) 


The size of the index register (ix) does not affect execution time 

Table 29 Move Long Instruction Clock Periods 


Source 


Destination 


Dn 


An ^ 


An@ 


An@ + 


An@ - 


An@(d) 


An@(d,ix)* 


xxx. W 


xxx. L 


Dn 
An 
An@ 


4(1/0) 
4(1/0) 
12(3/0) 


4(1/0) 
4(1/0) 
12(3/0) 


12(1/2) 
12(1/2) 
20(3/2) 


12(1/2) 
12(1/2) 
20(3/2) 


12(1/2) 
12(1/2) 
20(3/2) 


16(2/2) 
16(2/2) 
24(4/2) 


18(2/2) 
18(2/2) 
26(4/2) 


16(2/2) 
16(2/2) 
24(4/2) 


20(3/2) 
20(3/2) 
28(5/2) 


An@ + 
An@- 
An@(d) 


12(3/0) 
14(3/0) 
16(4/0) 


12(3/0) 
14(3/0) 
16(4/0) 


20(3/2) 
22(3/2) 
24(4/2) 


20(3/2) 
22(3/2) 
24(4/2) 


20(3/2) 
22(3/2) 
24(4/2) 


24(4/2) 
26(4/2) 
28(5/2) 


26(4/2) 
28(4/2) 
30(5/2) 


24(4/2) 
26(4/2) 
28(5/2) 


28(5/2) 
30(5/2) 
32(6/2) 


An@(d, ix)* 
XXX. W 
XXX. L 


18(4/0) 
16(4/0) 
20(5/0) 


18(4/0) 
16(4/0) 
20(5/0) 


26(4/2) 
24(4/2) 
28(5/2) 


26(4/2) 
24(4/2) 
28(5/2) 


26(4/2) 
24(4/2) 
28(5/2) 


30(5/2) 
28(5/2) 
32(6/2) 


32(5/2) 
30(5/2) 
34(6/2) 


30(5/2) 
28(5/2) 
32(6/2) 


34(6/2) 
32(6/2) 
36(7/2) 


PC@(d) 

PC@(d,ix)* 

#xxx 


16(4/0) 
18(4/0) 
12(3/0) 


16(4/0) 
18(4/0) 
12(3/0) 


24(4/2) 
26(4/2) 
20(3/2) 


24(4/2) 
26(4/2) 
20(3/2) 


24(4/2) 
26(4/2) 
20(3/2) 


28(5/2) 
30(5/2) 
24(4/2) 


30(5/2) 
32(5/2) 
26(4/2) 


28(5/2) 
30(5/2) 
24(4/2) 


32(6/2) 
34(6/2) 
28(5/2) 



• The size of the index register (ix) does not affect execution time 



Table 30 Standard Instruction Clock Periods 



Instruction 


Size 


op < ea >, An 


op < ea >, Dn 


op Dn, < M > 


ADD 


Byte, Word 


8(1/0) + 


4(1/0) + 


8(1/1) + 


Long 


6(1/0) + ** 


6(1/0) + 


12(1/2) + 


AND 


Byte, Word 




4(1/0) + 


8(1/1) + 


Long 




6(1/0) + 


12(1/2) + 


CMP 


Byte. Word 


6(1/0) + 


4(1/0) + 




Long 


6(1/0) + 


6(1/0) + 




DIVS 






158(1/0) + • 




DIVU 






140(1/0) + • 




EOR 


Byte, Word 




4(1/0) *•* 


8(1/1) + 


Long 




8(1/0) 


12(1/2) + 


MULS 






70(1/0) + * 




MULU 






70(1/0) + * 




OR 


Byte, Word 




4(1/0) + 


8(1/1) + 


Long 




6(1/0) + •• 


12(1/2) + 


SUB 


Byte, Word 


8(1/0) + 


4(1/0) + 


8(1/1) + 


Long 


6(1/0) + •• 


6(1/0) + •• 


12(1/2) + 



+ add effective address calculation time ** total of 8 clock periods for instruction if the effective address is register direct 
* indicates maximum value *** only available effective address mode is data register direct 

DIVS, DIVU - The divide algorithm used by the 68000 provides less than 10% difference between the best and vworst 
case timings. 

MULS, MULU - The multiply algorithm requires 38+2n clocks when n is defined as 
MULU;n = the number of ones in the < ea > 

MULS;n = concatenate the < ea > with a zero as the LSB; n is the resultant number of 10 or 01 
patterns in the 1 7-bit source, i.e worst case happens when the source is $5555. 
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Table 31 Immediation Instruction Clock Periods 



Instruction 


Size 


op #, Dn 


op #, An 


op #, M 


op #, CCR/SR 


ADDI 


Byte, Word 


8(2/0) 


- 


12(2/1) + 


- 


Long 


16(3/0) 


- 


20(3/2) + 


- 


ADDQ 


Byte, Word 


4(1/0) 


8(1/0)* 


8(1/1) + 


- 


Long 


8(1/0) 


8(1/0) 


12(1/2) + 


- 


ANDI 


Byte, Word 


8(2/0) 


- 


12(2/1) + 


20(3/0) 


Long 


16(3/0) 


- 


20(3/1) + 


- 


CMPI 


Byte, Word 


8(2/0) 


8(2/0) 


8(2/0) + 


- 


Long 


14(3/0) 


1.4(3/0) 


12(3/0) + 


- 


EORI 


Byte, Word 


8(2/0) 


- 


12(2/1) + 


20(3/0) 


Long 


16(3/0) 


- 


20(3/2) + 


- 


MOVEQ 


Long 


4(1/0) 








ORI 


Byte, Word 


8(2/0) 




12(2/1) + 


20(3/0) 


Long 


16(3/0) 




20(3/2) + 




SUBI 


Byte, Word 


8(2/0) 




12(2/1) + 




Long 


16(3/0) 




20(3/2) + 




SUBQ 


Byte, Word 


4(1/0) 


8(1/0)* 


8(1/1) + 




Long 


8(1/0) 


8(1/0) 


12(1/2) + 





+ add effective address calculation time 
• word only 



Table 32 Single Operand Instruction Clock Periods 



1 nstruction 


Size 


Register 


Memory 


CLR 


Byte, Word 


4(1/0) 


8(1/1) + 


Long 


6(1/0) 


12(1/2) + 


NBCD 


Byte 


6(1/0) 


8(1/1) + 


NEG 


Byte, Word 


4(1/0) 


8(1/1) + 


Long 


6(1/0) 


12(1/2) + 


NEGX 


Byte, Word 


4(1/0) 


8(1/1) + 


Long 


6(1/0) 


12(1/2) + 


NOT 


Byte, Word 


4(1/0) 


8(1/1) + 


Long 


6(1/0) 


12(1/2) + 


Sec 


Byte, False 


4(1/0) 


8(1/1) + 


Byte, True 


6(1/0) 


8(1/1) + 


TAS 


Byte 


4(1/0) 


10(1/1) + 


TST 


Byte, Word 


4(1/0) 


4(1/0) + 


Long 


4(1/0) 


4(1/0) + 



-t- add effective address calculation time 



• SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 

Table 33 indicates the number of clock periods for the shift 
and rotate instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 



• BIT MANIPULATION INSTRUCTION CLOCK PERIODS 

Table 34 indicates the number of clock periods required for 
the bit manipulation instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation 
where indicated. 
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• CONDITIONAL INSTRUCTION CLOCK PERIODS 

Table 35 indicates the number of clock periods required for 
the conditional instructions. The number of bus read and write 
cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 



• JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK 
PERIODS 

Table 36 indicates the number of clock periods required for 
the jump, jump to subroutine, load effective address, push effec- 
tive address, and move multiple registers instructions. The num- 
ber of bus read and write cycles is shown in parenthesis as: (r/w). 



Table 33 Shift/Rotate Instruction Clock Periods 



Instruction 


Size 


Register 


Memory 


ASR, ASL 


Byte, Word 


6 + 2n(1/0) 


8(1/1) + 


Long 


8 + 2n(1/0) 




LSR. LSL 


Byte, Word 


6 + 2n(1/0) 


8(1/1) + 


Long 


8 + 2n(1/0) 




ROR, ROL 


Byte, Word 


6 + 2nn/0) 


8(1/1) + 


Long 


8 + 2n(1/0) 




ROXR, ROXL 


Byte, Word 


6 + 2n(1/0) 


8(1/1) + 


Long 


8 + 2n(1/0) 





Table 34 Bit Manipulation Instruction Clock Periods 



Instruction 


Size 


Dynamic 


Static 


Register 


Memory 


Register 


Memory 


BCHG 


Byte 




8(1/1) + 




12(2/1) + 


Long 


8(1/0)* 




12(2/0)* 




BCLR 


Byte 




8(1/1) + 




12(2/1) + 


Long 


10(1/0)* 




14(2/0)* 




BSET 


Byte 




8(1/1) + 




12(2/1) + 


Long 


8(1/0)* 




12(2/0)* 




BTST 


Byte 




4(1/0) + 




8(2/0) + 


Long 


6(1/0) 




10(2/0) 





+ add effective address calculation time 
* indicates maximum value 



Table 35 Conditional Instruction Clock Periods 



Instruction 


Displacement 


Trap or Branch 
Taken 


Trap of Branch 
Not Taken 


Bcc 


Byte 


10(2/0) 


8(1/0) 


Word 


10(2/0) 


12(2/0) 


BRA 


Byte 


10(2/0) 




Word 


10(2/0) 




BSR 


Byte 


18(2/2) 




Word 


18(2/2) 




DBcc 


CCtrue 




12(2/0) 


CC false 


10(2/0) 


14(3/0) 


CHK 




40(5/3) + * 


10(1/0) + 


TRAP 




34(4/3) 




TRAPV 




34(5/3) 


4(1/0) 



+ add effective address calculation tinrte 
* indicates maximum value 
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Table 36 JMP, JSR, LEA, PEA, MOMEM Instruction Clock Periods 



Instr 


Size 


An@ 


An@ + 


An@- 


An@(d) 


An@(d.ix)* 


XXX. W 


XXX. L 


PC@(d) 


PC@(d, ix) * 


JMP 




8(2/0) 






10(2/0) 


14(3/0) 


10(2/0) 


12(3/0) 


10(2/0) 


14(3/0) 


JSR 




16(2/2) 






18(2/2) 


22(2/2) 


18(2/2) 


20(3/2) 


18(2/2) 


22(2/2) 


LEA 


- 


4(1/0) 


- 


- 


8(2/0) 


12(2/0) 


8(2/0) 


12(3/0) 


8(2/0) 


12(2/0) 


PEA 




12(1/2) 






16(2/2) 


20(2/2) 


16(2/2) 


20(3/2) 


16(2/2) 


20(2/2) 


MOVEM 


Word 


12+4n 
(3+n/O) 


12+4n 
(3+n/O) 




16+4n 
(4+n/O) 


18+4n 
(4+n/O) 


16+4n 
(4+n/O) 


20+4n 
(5+n/O) 


16+4n 
(4+n/O) 


18+4n 
(4+n/O) 


M-R 


Long 


12+8n 
(3+2n/0) 


12+8n 
(3+2n/0) 




16+8n 
(4+2n/0) 


18+8n 
(4+2n/0) 


16+8n 
(4+2n/0) 


20+8n 
(5+2n/0) 


16+8n 
(4+2n/0) 


18+8n 
(4+2n/0) 


MOVEM 


Word 


8+4n 

(2/n) 




8+4n 

(2/n) 


12+4n 
(3/n) 


14+4n 

(3/n) 


12+4n 

(3/n) 


16+4n 
(4/n) 






R-^M 


Long 


8+8n 
(2/2n) 




8+8n 
(2/2n) 


12+8n 
(3/2n) 


14+8n 
(3/2n) 


12+8n 
(3/2n) 


16+8n 
(4/2n) 







n is the number of registers to move 

* IS the size of the index register (ix) does not affect the instruction's execution time 



• MULTI-PRECISION INSTRUCTION CLOCK PERIODS 

Table 37 indicates the number of clock periods for the multi- 
precision instructions. The number of clock periods includes 
the time to fetch both operands, perform the operations, store 



the results, and read the next instructions. The number of read 
and write cycles is shown in parenthesis as: (r/w). 

In Table 37, the headmgs have the following meanings. Dn = 
data register operand and M = memory operand. 



Table 37 Multi-Precision Instruction Clock Periods 



Instruction 


Size 


op Dn, Dn 


op M, M 


ADDX 


Byte, Word 


4(1/0) 


18(3/1) 


Long 


8(1/0) 


30(5/2) 


CMPM 


Byte, Word 




12(3/0) 


Long 




20(5/0) 


SUBX 


Byte, Word 


4(1/0) 


18(3/1) 


Long 


8(1/0) 


30(5/2) 


ABCD 


Byte 


6(1/0) 


18(3/1) 


SBCD 


Byte 


6(1/0) 


18(3/1) 



• MISCELLANEOUS INSTRUCTION CLOCK PERIODS 

Table 38 indicates the number of clock periods for the fol- 
lowing miscellaneous instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods plus the number of read and write cycles must be 
added to those of the effective address calculation where indi- 
cated. 



• EXCEPTION PROCESSING CLOCK PERIODS 

Table 39 indicates the number of clock periods for exception 
processing. The number of clock periods includes the time for 
all stacking, the vector fetch, and the fetch of the first instruc- 
tion of the handler routine. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). 
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Table 38 Miscellaneous Instruction Clock Periods 



Instruction 


Size 


Register 


Memory 


Register Memory 


Memory -* Register 


MOVE from SR 


- 


6(1/0) 


8(1/1) + 


- 


- 


MOVE to CCR 


- 


12(2/0) 


12(2/0) + 


- 


- 


MOVE to SR 


- 


12(2/0) 


12(2/0) + 


- 


- 


MOVER 


Word 


- 


- 


16(2/2) 


16(4/0) 


Long 


- 


- 


24(2/4) 


24(6/0) 


EXG 


- 


6(1/0) 


- 


- 


- 


CA 1 


Word 


4(1/0) 


- 


- 


- 


Long 


4(1/0) 


- 


- 


- 


LINK 


- 


16(2/2) 


- 


- 


- 


MOVE from USP 


- 


4(1/0) 




- 


- 


MOVE to USP 


- 


4(1/0) 


- 


- 


- 


NOP 


- 


4(1/0) 


- 


- 


- 


RESET 




132(1/0) 








RTE 




20(5/0) 








RTR 




20(5/0 








RTS 




16(4/0) 








STOP 




4(0/0) 








SWAP 




4(1/0) 








UNLK 




12(3/0) 









add effective address calculation time 



Table 39 Exception Processing Clock Periods 



« MASK VERSION 



Exception 


Periods 


Reset** 


38.5 (6/0) 


Address Error 


60(4/7) 


Bus Error 


50(4/7) 


Interrupt 


44(5/3)* 


Illegal Instruction 


34(4/3) 


Privileged Violation 


34(4/3) 


Trace 


34(4/3) 



* The interrupt acknowledge bus cycle is assumed to take 
four external clock periods. 

• Indicates the time from when Rl? and HALT are first 
sampled as negated to when instruction execution starts. 



Type No. 


Mask version 


HD68000-8 

HD68000-10 

HD68000-12 


68000S1 


HD68000V8 

HD68000\t^lO 

HD68000Y-12 


HD68000P8 




HD68000P96 


68000U 


HD68000CP8 





The difference of function between mask version 68000S1 
and 68000U is only as following (Figure 59). 

The function of HD68HC000 is as same as mask version 
68000U. 
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D. ~ D„ 



Broken line: nnask version 68000U and HD68HC000. 

Figure 59 Address Error Timing 



■ NOTE FOR USE 
• Power Supply Circuit 

When designing Vcc and Vss pattern of the circuit board, 
the capacitors need to be located nearest to Vcc and Vss as 
shown in the Figure 60. 




(Top View) 
(a) DIP 




(Bottom View) 
(b) PGA 

1/iF/35V Tantalum Capacitor (2 pairs) 




o 






Vss 


Vcc 


Vss 


Vss 




Vss 


Vcc 



(Top View) 
(c) PLCC 



Figure 60 Power Supply Circuit 
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